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Where can you use these Money Savi 











COMBINATION TEMPERATURE REGULATOR 
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i 
No. 11 Self Operated Regulator No. 26 Air Operated Regulators 
with with with Dia 
Dial Indicating Thermometer Recording Thermometer Indicating Thermo 
0 
ff 
Self @ To simplify the installation of automatic temperature control take advan- 
Operated tage of the convenience and economy obtained with Powers combination : 
Controls regulators. They make it easy to quickly adjust the regulator to accurately 


maintain any desired temperature. tI 


@ Where extreme accuracy is required use the Powers No. 26 Regulators 


shown above. They are air operated and have a full throttling range from I 





positive on and off control to very gradual control which prevents “hunting” 
and enables them to accurately regulate heating or cooling mediums in exact 


accord with the individual requirements of any control problem. 


@ May we send you bulletins describing these or any other of our many 
types of temperature or humidity Controls? The Powers Regulator Co., 45 
Years of Automatic Temperature and Humidity Control. Offices in 44 Cities 
— See Your Phone Directory — 2720 Greenview Avenue, CHICAGO — se 
East 46th Street, NEW YORK—1808 West Eighth Street, LOS ANGELES— | 
106 Lombard Street, TORONTO. 
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uicker Response 


THE MARK OF THE CHAMPION SPRINTER... 


THE FEATURE OF THE MODERN AUTOMOBILE— 


...AND A VITAL PART OF SEPARABLE WELL TUBE SYSTEMS 
with ‘Taylor Thermospeed 


QUICKER RESPONSE, ¢/ 


lf 5 > \ \ |} 
i {> “a, teS, Wi 
> i) 
. SAS," \ 


of NEW TAYLOR THERMOSPEED consfruction, 


records in transmitting bulb temperature 


['S getting off his mark faster that 
| brings a sprinter within reach of a 
championship. . . 

It’s quicker starting in traffic that puts 
the modern car in a class ahead of pre- 

lous models eee 

AND it’s quicker response to tempera- 
ture changes at the bulb that puts the 
laylor Thermospeed construction for 
separable well tube systems out in front 
of other types of temperature responsive 
systems. 

Quicker response at the bulb means that 
a recording thermometer gives a truer and 
more accurate picture of temperature. 

Quicker response by Taylor Thermo- 
speed means that temperature controllers 
an provide closer regulation. 

Taylor Thermospeed means that, in 
connection with separable well systems, 
laylor Recording Thermometers and 
lemperature Controllers can operate 

ore effectively than before. Yesterday 
hese Taylor instruments were outstand- 
ng in accuracy, efficiency and durability. 
loday their accuracy and efficiency have 

een stepped up to new heights. 

Improved accuracy is due very largely 

another big advantage in Thermospeed 

istruction. Conduction of heat from 
he bulb to the mounting wall is greatly 
reased so that the bulb responds only 


changes . . 
= 


to the temperature of the surrounding 
fluid being measured. Thus the factor 
which has contributed to inaccurate per 
formance of conventional designs has 
been recognized and conquered in Taylor 
Thermospeed. 


built-in feature 


sets new speed 





If vou are interested in having sepa- 
rable well systems that operate with mod- 
ern effectiveness, use ‘Taylor Thermo- 
speed in connection with Taylor Record- 
ers and Taylor Controllers. Let us give 
vou all the facts about Thermospeed. 
You ll want to have them. Ask a Taylor 
Representative, or write to Taylor In- 
strument Companies, Rochester, N. Y., 
or Toronto, Canada. Manufacturers in 
Great Britain—Short & Mason, Ltd., 
London, England. 





TAYLOR THERMOSPEED 
MAKES THESE TAYLOR 
INSTRUMENTS OPER- 
ATE EVEN FASTER AND / 
MORE ACCURATELY | / 
THAN BEFORE 


Showing Taylor Re- 
cording Thermometer, 
and Taylor Fulscope 
Recording Controller 
with Thermospeed con- 
struction. Taylor Engin- 
eers contribute again to 
the more efficient and 
economical control of 
plant operations and 
product quality. 
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IN THIS ISSUE 
Page 42, A few days after this issue 
put in the mails the great Petroleum 
position will open its gates at ‘Tulsa. 
the oil industry, therefore, we sought 
subject for this month’s personality 
setch. It was not necessary to fly to 
r-off oil fields, for Justruments has 
harter subscribers nearby in the engi 
neering, executive, production and re 
earch groups of the petroleum industry. 
fo Gulf’s) photographers (Johnson & 
Johnson Co.) bouquet for snapping 
Jim Pratt exactly as we saw him at 


Page 43. Why so few “New Instru 
ments” items? No, not because any de 
scriptions went into the editorial waste 

sket: as often declared on this page, 

is never happens! Our guess is. that 
inufacturers were so busy filling orders 
hat they had no time to bring out new 


devices—or no time to prepare the tech 


tical deseriptions which, for your sake, 


e always insist on. 

Pade 49, Tuast November, at Pitts 
burgh University’s Conference on Indus 
trial Phvsies, we heard Dr. Pugh tell of 


ir-conditioning research. At one point 
e nearly shouted with delight, for the 

formulas he was presenting applied 
to many industrial temperature control 
problems. We buttonholed him. Result: 
read it for vourself. 


Page leo. At that same Conference, 
Dr. Hicks told what X-rays can do for 
industry. The latter part of his talk 
sounded as if it could be worked up into 

irticle you would find profitable. Dr. 
Hicks accordingly did work it up. 


Page ‘>. Charter Subseriber Stanton 
odestly conceals, in his article, refer 
ences to his own advance of under 
round-cable engineering. He has patents 
new forms of testing instruments 
hich represent, in our opinion, remark 
bie advances. 


Page 140. Ralph Batcher continues de 
ribing CRO auxiliaries. More coming 
for several months. 


Page 143. And under Electrical Meas 
ments and Control there is concluded 
indy treatment of errors, based on 
rry Borden’s rounded-out experience. 


TWOFOLD PROBLEM 


title of the excellent paper by A. F. Spitzglass and 

G. Kk. O'Connor presented at the Midwest Powe: 
‘onference on April 23. “Coordination” is the mot juste 
Lack of functional coordination among the devices which 
directly control fuel, air, feed-water, etc., makes a boule: 
dificult to control manually or automatically. 

Boiler auxiliaries may be likened to the muscles of the 
body: even such a simple action as rising from one’s chair 
involves nice timing and correct ratios of local forces 
Modern boiler control instruments are capable of (1) 
continuously measuring all essential factors with satis 
factory accuracy and (2) issuing proper commands to 
auxiliaries. Some control systems include well-disciplined 
aids: servo-motors commanded by instruments that possess 
the qualities of efficient leadership. But even the best 
headquarters-group of commander and aides cannot do 
much with soldiers who are not only individually awk 
ward but likely to get in one another's way in action. The 
trouble with many “unsuccessful” applications of auto 
matic control probably hes in auxiliaries interfering with 
one another. Spitzglass and O'Connor give examples of 
characteristic curves demonstrating that auxiliaries should 
be suited not only to the boiler but to one anothe1 

We go further and declare that feed-water, fuel and ait 
auxiliaries should be selected which will obey the auto 
matic control system, because they are subordinate muscles 
whose value is measured by their subservience to the 
brains on the control board. 

A heretical statement? Perhaps. But we fear no re 
prisals, for none followed our utterance of an equal heresy 
four vears ago at the end of the Pittsburgh ASMTE-ESWP 
Joint Meeting on Combustion Control: It had fallen to 
our lot to sum up all papers and we concluded as follows: 


TRG cite of the cxvell of Boiler Auwniliaries” is the 
( 


\ ir 
ontrollat WI 


The usual procedure is firstly to specify auxiliaries 
whose individual “rangeabilities’ and other character 
istics seem to suit the boiler, and lastly to challenge in 
strumenticians to supply a system that will make them 
work harmoniously. This procedure should be reversed 
The problem, then, is twofold: coordination of things; 
and team-work among men. 
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KFOGRAPHICALLY. Nevill 
Island is simply an island on 
the Ohio River about fifteen 
miles from Pittsburgh. Industrially. 
ts name is associated with several 
outstanding enterprises. One of thess 
s the Neville Island Re 
finery of the Gulf Retin 


ing ¢ MN pPAan This mod 


rn refine ry covers) ap 
prox mately one square 
riile where thre visitor 
oses himself in a= lab 
rinth of huge stills ind 
owers interconnected bv 

formidable number of 
pipes conveying liquids 


ors and Lases at Var 
s Dressures ind tem 
il res 

\ modern oil refinery 


esembles the human body 


vine depends for its 
ealth on a brain and on 
ne mis reg i] iting 
vlands. At Neville Island. 
ty iin ind hie reovulat 

vy glands are located on 


in SO-Tt control] board to 
s devoted thre ip 
"I 
r floor of a special two 


story building Halt ot 


e ground floor space 1s 
given over to the Instr 
nent Dy partment’s office 
ind repair shop: thie othe r h ilf tO 
rical equipment: for each instr 
mental contro] applic ation there is a 
pane] 


Over this central control board and 
s auxiliaries presides the s ibiect of 


his month s Ske teh, assisted bv three 
nstrument men. Thanks to this cen 
trai brain, the entire refinery runs 


tself’ 24 hours a day. This is ap 


irent is one enters the 60x100-ft 
pump house located about 100 feet 
iwav from the instrument house. and 


emains there a few minutes: each of 
sixteen pumps speeds up and 
slows down under command of some 
nstrument on the control board. 
Phe reliance placed on instrumental 
ontrol is evidenced by the fact that 


er s no night shitt of ostrument 


ames Gy Pratt is six-foot-three 
withou the iron hat’ tor 


which he is famous He was born in 


Texas in 1901 but something South 
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No. 8 
JAMES G. PRATT 


Head Instrument Man ern, rather than Southwestern, abou 
2 F him made us ask him about hi 
Neville Island Refinery family and, sure enough, he said tha 
of Gulf Refining Company his ancestors had lived in Kentucky 
for many generations. These an 
Bv M. F. BEHAR cestors, no doubt, could shoot th 
spots off a card at fifty 
paces, but this is 19386 
and so Jim Pratt uses re 
corders and controllers as 
his weapons, and his 
markmanship consists in 
keeping all processes “on 
the line.” 

He has been in the oil 
industry all his life, start 
ing in the oil fields. wher 
he learned to handle geo 
physical instruments. 
Transferred twelve years 
ago to Gulf's Fort Worth 
Refinery, his skill with in 
struments came under the 
notice of Leroy Barnett 
who made him his assist 
ant. In 1931 he was 
chosen to be put in charg 
of the instruments at the 
new Neville Island R: 
finery. It may be said that 
the fact that there is no 
night shift of instrument 
men reflects not only the 
company's confidence in 


modern instruments but 


- JIM PRATT’S INSTRUMENTS also Superintendent M. J. Ball's 
er ine poem . ” confidence in Jim Pratt himself. 
Gas filled. press cine Ma we, con Asked whether he was the one who 
egg netggye la CaPTO . Spe cifie d instruments and contro! 
Re nw or segue weer te potentiometer : i oa sae ‘ he mode stly replic d tha 

Racin aakeniers 34 this was all done at the main offic: 
PRESSURE of the company. “Are you consulted 
oe Rages — on these purchases?” we asked, and 
Non-indicating regulators (self-op.) 17 he admitted that he was. ‘Has i 
a na Sd y ever happened that the company pur 
RR cae. 16 chased any instrument or contro 
ee (aie-op) system different from the one that 
‘ue. you specified when you were con 
Indicating controllers (air-op.) 5 sulted ?”’ He tried to be modest. hi 
ny RE ‘ he had to admit that such a thing 
eater sant apne x had never happened! 

TESTING Yes, Jim Pratt knows instruments 


Instead of mercury thermometers, one 


Hi nowledge is fz greater that 
portable standard potentiometer is used to sk le le l far gre at 


check temperature recorders. Dead-weight that of an instrument mechanic: i! 
testers (0-300 & 0-3000 Ibs. /in.-) for che k- : ; lnahl 
ing pressure instruments. Mercury-column some respec ts it 18 more valuabi 


and water-column manometers for checking 


than that of a universitv graduate 
flowmeters. Meggers, voltmeters, etc. . 


SPARES Much of it he “picked up” and muc! 

Complete pressure gages and pressure ele of it he eratefully credits to hi 
ments. For all other instruments, Jim Pratt y ‘ : aS ; 
carries parts based on the relative frequen many years of st udiously re ading 


cies of serving determined by his experience 
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THE MONTH'S NEW 





D-c. Industrial Analyzer 


\ new self-contained analyzer for mak 
iny type of d-c. 
rrent or resistance test with minimum 
mnections, particularly suited for test 
and control, con 
ind a volt-ohmmeter 
multipliers and 
all mounted in 


practically voltage, 


industrial motors 
sts of an ammeter 
suitable shunts, 


switches 


ith 
inge changing 


’ 





for Three built-in 
shunts provide current ranges of 7.5, 75 
750 Self-contained 
provide voltage ranges of 0 to 750 volts. 
Ohm ranges are 0-200 and 0-20,000, Suit 


one case ready use 


ind Aunps. resistors 


ible selector switches are provided for 
convenient selection of ranges. A) stand 
ird No. 6 dry cell is employed to ener 
ohmmeter circuit. 50-rmillivolt ter 
minals of ammeter are brought out to 
binding posts on front panel for use with 
external other 
than those built in the unit are required, 
\mmeter is equipped with a follow up 
pointer for measuring motor starting 
currents. A pair of 8-ft. shunt leads is 
supplied. Micarta front panel carries all 
measuring elements and details, and en 


ize 


shunts when capacities 


tire assembly may be removed from case 
for inspection by removing four screws. 

iW estinghouse le ectric \ Mfa Cai, 
Kast Pittsburgh, Pa. , 


Inspection Polariscope 


lo meet growing demand on the part 


of purchases of large quantities of glass 


irticles or of important vlass equipment, 
this new polariscope has been developed 
especially for perform 
ing inspections with 
utmost convenience. 
Experience is unnec 
article to be 
inspected is merely 
placed on top surface. 
Strains the 
brilliant colors, 
when 
not darkened, and can 
be seen by several ob 


essarv: 


show in 
usual 


even room is 


servers simultaneously. 
\pparatus can be set 
up anywhere. It ac 
commodates glass ves 
sels in sizes up to that 
of a l-gal. bottle, but 
larger 
inspected by passing 
them along the 
ing top. Cabinet height 


vessels can be 


view 





is 45”; finish is wal- 
nut, R. Fuess, Ine., 
HW th St... New York City. 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 

Or write to Information Section, 
Instruments Publishing Company. 





Combustion Safeguard 


An line of “Protectoglo” 
equipment (see Instruments, Vol. 5, Jan 
1932, page 20) includes two separate al dl 
distinet types ot relays; the 


ilso be used as 


improved 


ind flame 
sensitive electrode can 
special spark plug for electric ignition 
Standard primary controller 
valve complete the system of combustion 
rectify 


ind motor 


tubes ind 
which, 
unit to 


safeguard. Thermionic 
umplify 
ducted 


power input when cor 


from electrode ground 








units 


through the flame, operates relay 
controlling the operation sequence, 


mall 


valve, etc. interruption in cit 


fuel \ny 
cuit to ground through flame (flame fail 
ind positive 


ure) instantaneous 


shut-down 


causes 
Cast-iron 


dust and moisture 


proof relay cases are of the universa 
type for either front of board or flush 
mounting. Standard radio type vacuum 
tubes are used, located in’ relay case 


under lock and key. Relay can be located 
in any location with 
electrode unit. Terminal board is located 
n 


remote reference te 


in a separate moisture-proof chamber 
relay case. Electrode unit 
moving parts. A’ s\ 
safeguard can be supplied for practic illy 
any type of burner equipment The 
Brown Instrument Co... Di of Vin 
ne apolis Honeywell Requlator (Co 448 


Philade Iphia Pa 


contains no 


svstem of combustion 


Wayne Ave 
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A-f. Transformers 


\ complete line of high tidelits li 
transtormers ind reactors, KNOW! i 
“Super High Fidelity Series A.” include 
units for practically every purpose u 
the electronic field. Kach unit has a fre 
quenev response of withi ~1 db. tror 





30 to 


pletely 
titted 


windings 
lov 


transformers in this line we 


\ 


Insertion 


12,000 eveles, is mounted i 


‘i 


measure 


reversible through-type 


ith electrostatic shields 


designed 


The 


ind is 


loss 


» ed Core 


Ca 


t 


majority 


» )] 


} 
i 


IS 


construction is said to render the 
frou un nd pickup. In illus 
use Of mirrow brings out ne SuD-p 
mounting Ferra / f 
\W is Ve } ( 
High-pressure Rotameter 
Is i 
lq 2 
fort t 
be Do ‘ ‘ - 
ISN ¢ sea, ‘B 
ress ‘ Rot 
~ ls Te 
Wed it 
sight - glass 
witable t ess . 
}5t Ds l git 
o viewing slots m 
l isme 1¢ 
POSITe EFC t Pi 
sitior f rotor ¢ t 
seer satistactor 
it ill times ) 
ided only t 
metered fluid tye - 
sufficiently trans 
parent Fluid 
passes up through ~ wo 
central metering tube ind dow! 
innulus, so that pressures are 0D 
Schutte & Koerting Co tha Th 


80 


Tl 


wy 


Philade Iphia Pa 





tor extremel 


t} 
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Optical Pyrometer 


et if 
‘ } 
( 
ridge ¢ 
ee 
i 
thic ¢ 
l ‘ 
} { 
SeETISTUIVITS 
sted tl] 
’ ced 
{ 
I ‘ 
¢ 
( 
3 
" 
ure 14 
r S 
( 


disappearing-filament: prin 
f-contained instrument is 
rate the first noteworthy 

ide in optical pyrometer cle 
ten vears ts princip 

re direct-reading scale vhicl 
he need of comparison charts, 
e cireuit which obviates the 





ressed-zero milliammeter 
‘ me balances ( t effects of 
temperature Filament 
‘ mp forms one irmn of 
l Whe is so adjusted that 
re Standard is 1500°F 
nometer pointer is so set that 
perature null point it is at 
s ‘ there being no “stop.” 
of galvanometer is so ad 
I scale deflection will be 
ny the unbalanced emf whet 
Is t temperature desired 
1 ‘ temper ure range ft 
| ery s Y Is ! nad-« 1 
st the tac ry standard tammy 
erode \ checked iy Linst 
rds. “Model B-1” is sealed 
| “Mode B-2” nas tw 
2 l d 22 3800° } 
eg rly « sists of ) 
CIIS I ( 1 US St 
‘ S I tole contan 
ary ( Hlu / 
iW PP? t P. 
H_S Detector 
~ l T t cle 
Ce MM ° fz 
bles Onn j ce S 
ive rhe 
S ‘ v ie 
T | { 1 ‘ 
er ene > | . dy s 





‘ ( 
‘ ‘ ee 
~ 
}ios et 
- . oe ie | | ® 
‘ \\ 
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Accurately 


Guide and Regulate 
Process Operations 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, temperature 
and speed. These gages are available with 
any number of pointers and any scale com- 
binations from one to twelve. Actuating 


mechanisms may be oil-sealed bells or 


diaphragms. 





Multi-Pointer Gage 


Boiler Meters for recording combustion 


conditions and guiding boiler operators. 


Flow Meters for 
indicating, record- 


ing and integrating 


the flow of steam, 
vater, sewage lr 
S ind othe r fluids 


Recorders for 
temperature, pres 
sure, draft, speed 
nd other factors 


Recorder-Controller 


Granular Material Meters 


for accurately 





measuring 
the flow of coal or other 
granular materials in grav- 
ity chutes from overhead 
bunkers. 
tity of 


The total quan- 


granular material 


is shown on a large illumi- 


nated counter which may 


be easily read at a dis- 


Coal Meter 


tance of 50 feet. 


Control Systems for combustion, flow, 


pressure, temperature and other factors. 


nformation on any of the a e Be 


BAILEY METER 
COMPANY 


1041 Ivanhoe Road > Cleveland, Ohio 











Sand Deformation and 
Resilience Tester 
for Universal S 
which 


\ new accessory 
Strength Machine, 
of compression strength test: defor 


adds to 


tion test readings are multiplied by 
compression test reading to obt iin 
Sand Resilience value which figure 





sand | 


whether the 
whether it is 
aluminum art 
pivoted at fulerum point ot pusher irl 


to determine 
good life or 
“brittle.” 


used 
“short” 


Consists of an 


ind weight, and of a= dial indicat 
mounted on free end so that its. ster 
bears against the stud of compressi 


test head, while its body is connected 


pusher arm through an automatic 1 
leasing arm. This makes it  possibl 
measure the amount that sand specime 


decreases in length or deforms at inst 


when it breaks. A factor termed Sa 
Resilience takes into consideration bot 
strength and deformation, to indi 


amount of work required to break 
sand. It is caleulated by multiplying 
green strength reading 
the reading of the deformation indic 
Harry W Dietert Co Oat W (; 


Blvd Detroit Vich 


compression 


Vibration Pickup 


Employ ing a Rochelle 


a pic zoelectriec element, this new uni 


salt crvst 


designed and constructed (see illust 
study of 


for the 
than for «a¢ 


tion ) vibrations as s 


oustical 


VISCOLOID 


purposes 





CRYSTAL 


Trequency ran 


FREE CORNER 


e extends from 10 to 3 


yeles nd its distinctive characterist 
! by reas T inert ee CO 
rinciple e crvs sensitivits 

¢ riy S ( Ss ( ) Live Tre 
vermitting study of lo ituce 
tions In upper p or At al 
trequency IS ¢ eC” ro 

’ it ito cle () 

cvcies 1 pron 5 S ( 

I ice Welg rlete 5s 8 
a ~o ck l RCA I 

{ Mf / VY. J 








etus quote you 
on complete 


METALLIC 
BELLOWS 


Wd 


Ws are used as con’ 
elen ents i! temperature ind pressure 


7% P 
trol devices, and for liquid 


is seals 
esso ind pumps. They are 
} rom € 1ecé tnin wall, 1eta! 
the h onest grade exp essly de 
y th e rpose 
The be WSs ive exceptional life ch 
stics due t the aut itic testing 
> W il] in ul rigin il patented hy 
f ing process, and to the freed 
rictional tool er vagement 
thi etal wall during the for 
erat 
easing ers ol anutacturers 
€ € ) il ind TE Satis 
ry ¢t lave us suppl the omplete 
( s assemblies. We ive the equip 
nt and they are pleased with the re 
Let us quote you on complete bellows 


ssemblies. foi t 
We are primarily manufacturers of bel 
vs and bellows assemblies rather than 
pleted devices incorporating same, with 
ybvious intent of avoiding any com- 
titive situation between ourselves and 
customers. We do, however, produce 
ur customers’ specifications complete 


] 


ices involving our bellows 


CLIFFORD MFG. CO. 
564 East First Street 


FACTORY REPRESENTATIVES 
Riley Engineering Corp., 1481 14th St., Detroit 
Franklin G. Slagel, 923 East 3rd St., Los Angeles 
J. J. Shriver, 221 North La Salle St., Chicago 


Boston, Mass. 
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V olt-ohm-milliammeter 


New “Model 1200° Volt-ohm-milliam 
meter contains twin instrument having 
separate a-c. and d-e. 


movements. An 





exclusive tilting feature is incorporated 
for adjusting instrument to the proper 
alignment for 
switch 


correct readings. One 


quickly selects all Instrument 
readings. “.\s nearly fool proof as pos 
sible.” Seale readings: D.e. 10-50-250-500 
LOOO volts at 200 ohms per volt; 1-10-50 
250 m. ac; 1500 ohms: 1.5 and 38 megohms: 
A. c. 10-50 - 250 - 500 L000 volts. Black 
metal case with the new wrinkle finish 

Phe Triplett Kleetrical Instrument fa 


Harmon Dr., Bluffton, Ohi 


Noise Meter 


Said to be “designed to measure sound 
levels” exactly is heard by i 
Model 300 Sound Level Indi 

| 


calibrated ervstal 


thre uid 
( Ee he 
ecator consists oft 


tvpe nucrophone, an a f inp lific r with 


ill-metal tubes, 


in ear weighing network, a decibel me 


ter and a ervstal TV ye headset Rane 
30-90 db A.S.A. standard. For a-« op 
eration, but batteries may be used / 

dustria [pparatus Co N Wahash 


lve., Chicago, 1 


Metal-tube Form Resistor 


| mploving 1 standard metal-tube 
casing ind S-prong octal base, me 
“Series M lig line volt ive dropping re 


sistor has the size, shape ind finish of 


metal-tube 2526 rectifier 
ind PB5A6 power tube, 


ind is installed by pro 


viding another octal sock 
et. It meets Underwrit 
ers’ requirements regard 
ing “hot terminals nd 
high leakage resistance 


to ground keeps the dis 





sipated heat ibove chas 

sis, ind Mmuinlnizes fire 

nazard. Available in any 

total voltage arop a 

for practically all pilot 

mp ind tube combir 
tions Ballast ition ou plict iy) re 
sistor section. can bye provided Coded 
ind ired in accordance ith propose 
t \l \ standards covermyg such ce CeS 
Phree stundard type cover pilot ' 
ind filament requirement of 4-, 5 
6-tube et , dropping t t ! 
l17-volt) line: special types for other 
line voltage ind filament loads ( 1 
stat Vita (‘o” Tne \ \ AL Vy 
Bree \ ) 


calibrated attenuate Yr. 
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Friez Anemometers 


All air movement below twenty 
feet per minute is regarded as 
still air. Friez Indoor Anemom- 
eters in standard types will 
determine air-movement from 
seventy-five feet per minute, 
and in special types from as low 
as fifteen feet per minute. 


TYPES 


BIRAM, with readings in linear feet 
convertible to velocity by time divi- 


sion. 


DIRECT READING, on accurate Dials 


in feet per minute, without need ‘of 








any tables or calculations. 


FEATURES 


Portable, for carrying in small leather 
case. 








For either horizontal or vertical meas- 
urements. 


Best of bearings for sensitive action. 


Designed especially for air passing 
through or from ducts, flues, grilles, 
fans. 


@ ACCURATE 
@ RUGGED 
@ RELIABLE 


PRICES FROM *23 
Julien P. Friez & Sons 


{Ss bsid 


,2uUDSICIAary 


BALTIMORE, MARYLAND 
LATED ELAINE 


of Bendix Aviation 


INSTRUMENTS 
May 1936 |’ re ‘Zo 
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Small-bulb Gas-filled 


Recording Thermometer 


Po minimize tubing error and pressure 
rit error it has been necessary, wit! 
ompensated construction of vis 

ee \ eu to specity relatively large 
pecially for tubing lengths yA, 

bulb size increasing with both tubing 


\ new 


innounced in 


nd accuracy requirements 


rding thermometer, 





method 


cl ri 17 embodies 

ompensating for tubing and head 
ri e fluctuations which permits 
| horter ranges, ”) longer tubing 
( , St Her bulbs Method consists 
ing penarm acted upon in opposite 
‘ ‘ thermal systems hich are 
centile except that only one ¢ ipillary 
min icates ith the bulb, the other 
( ed in same tubing being closed 
e bulb end. Effects of temperature 
i ol tubing and at instru 
ent thn cause the two thermal systems 
e each other, and only effects of 
mperature change it bulb produce 
tia of per rma, the scale aw being 
Ne ecorder is available in vari 

r in ec! 0) l irc prooas] 
Ding t rths Litt longe! 
‘ ‘ in conditions ad relatively 
I The 12 ize may be had u 

/ }} a 


Ratio Differential Relay 


| e HA Ratio Differential Re VIS 
) ee te Inere ‘ vsten tality 
Cl thie rotectLlo A Cl 
a ranstormers of Tie Tri 

‘ ! l ( idely set for trans 

ie me It operati tinnie 
vele ind reduces consider bly 

© ¢ et of damage hich mught oc 
‘ ibys protected by Sl eT 

‘ | ) Vp re vailable 

for enerator and motor protection 

‘ ‘ for tr sformers. Because 

‘ current inles In propor 

‘ d, taulty ripping is pre 
( a ‘ t 1 \ bye ( Tor 

‘ I oad The, 
‘ \ } der hich is in 
nnectior ith |e capacity 

‘ rmer Simple balance 
ion is emploved with the 

l 1 «ope ing units ben 
etl rent The enerator re 
\ be set to operate in one ecvcle on 
‘ oub it current S 1oyv s 
/ | ‘ stl ‘ SeCOTH( ry current 
if i ‘ 1 rippeu 0 t v\ 

MENTS 


e 126 Vi 4 








JENA KPG 
PRECISION | 
BORE 
TUBING 


(U.S.A. Patents) 


Exact Within .00imm 
(.00025”) 


Bore 


re 

To 

ie fas \ 
} i} 
etl = j 
xm an eet ee ee | re aN ~ aaa 
4 Neds et ee et 
- 








Smallest bore 0.5 mm.—Larg- 
est bore 50 mm. 


Length, except for extreme 


bores, up to 1 meter. 

Inside surface clear like reg- 
ular transparent glass tub- 
ing. 

Bore of any cross section: 
round, square, oval, coni- 
cal shape, ete. 

Tubes made of resistant Jena 
glass of low coefficient of 
expansion. 

For: barometers, viscosimeters, 
pipettes, syringes, colorimeters, 
bearings, interchangeable 
joints, ete. 

{ Product of the 
Jena Glass Works Schott & Gen. 


t. s. Agents 


FISH-SCHURMAN 
CORPORATION 


230 E. 45th Street, N. Y. City y 





external faults. It 
provided with taps so that it may be 
to operate on 


overloads or on 


an unbalance equal to 
10, or 20% of the smaller secondary ¢ 
rent. This relay measures 51, squ ur 
The transformer relay (illustrated) 

suitable for the protection of two-wil 





ing transformers. It is witl 
that current 

formers are unnecessary 
to operate on a fixed percentage differ 
ential of 25%. Operation on transformer 
magnetizing current inrushes is preventes 
by a tripping suppressor without sacri 


equipped 


taps so balancing trans 


and is designed 


ficing any operating characteristics. This 
Westi 
Kast Pitt 


measures 5 -@ | 
house Klectric Mfa (‘oa 
hurah, Pa 


relay 


Tube Tester 
Improved 1936 “Model 430° tube tester 


; 


is for checking all glass, metal and me 


tubes for value and shorts under 


olass 


ictual load conditions. Feature is a sh 





line vol 


indicator for 


dow type a-c ¢ 
idjustment. Beside indicating actual li 
voltage setting, it also shows when le 
connected to line supply when not in 


Model 430 


type ot 


recelyvil 
direct 


has five sockets for 


every tube, contains a 


reading “Triplett 2?1 meter” with goo 


bad seale. Testing require s four oper 

tions Removable cover makes_ teste! 
equally suitable for counter or portable 
use The Readrite Meter Works. Bluff 


fon. Ohie 












Wet-bulb 
and Dry-bulb 


Temperatures 








ANOTHER CONVENIENT 


JOHNSON 


Humidity Indicator 


@A dependable psychrometer with 
motor-driven fan. Red-reading mer- 
cury thermometers, eight inches long, 
one degree graduations from 30 to 
116 degree, Fahrenheit. Special 
lengths and ranges supplied on or- 
der. Thermometers easily replaced. 
@ Circulating fan driven by universal 
motor with extension cord creates 
proper flow of air over thermometer 
bulbs so that the exact wet and dry 
bulb temperatures are sensed. Read- 
ings taken while fan is running, elimi- 
nating errors usually made in reading 
sling psychrometers Fan may 
draw air through a sampling tube to 
determine accurately the humidity 
and temperature in a duct or other 
enclosed space. 

@ Bulletin H-302 describes this inter- 
esting device and includes a Table 
of Relative Humidities from 50 to 198 
degrees, dry-bulb . . . Johnson offers 
also a superior Sling Psychrometer, 
Bulletin H-303, and a direct-reading 
Relative Humidity Indicator, Bulletin 
H-301. 


FIFTY YEARS DEVOTED TO 
AUTOMATIC TEMPERATURE 











AND HUMIDITY CONTROL 


JOHNSON SERVICE COMPANY 


Main Office and Factory: MILWAUKEE, WIS 
Branch Offices in all Principal Cities 











High-speed Micro Switch 


Half an inch-ounce of energy operates 
this new smaller model (see lnstruments 
Jan. 1934, page 16). Illustration shows 
actual size of “Type ES-9": 154 1t% 

Ae Weight is 1 oz. Consists of Bake 
lite case and six parts including phos 
phor-bronze spring, coin silver contacts 
and bronze shaft bearing. Has been tested 





at 1800 operations per minute for 15, 
000,000 operations, at end of which there 
was negligible wear and no change in 
spring tension or operational character 
istics. Supplied for right- or left-hand 
operation, for reciprocal or rotary mo 
tion, open or closed circuit. Make and 
break positions may be adjusted if de 
sired. Suited to operation of electric 
counters and recorders, for signaling, as 
a limit switch, for controlling motor op 
eration, for lighting and other electrical 
circuits, etc. Production Instrument Co 
5 South Wahash Ave.. Chieaao Ill 


Halide Leak Detector 

Growing use as refrigerants of non 
combustible halide gases which are rela 
tively odorless, tasteless, and = colorless 
created need for quick ind sure method 
of locating leaks while cool 

ing units are being installed 

ind Jater during servicing 

he Prest -O- Lite Halide 

Leak Detector has been de 

veloped for this purpose Its 


makers point eut that cer 


tain halide derivative gases 
used iS refrigerants ire 
combustible. and that before 
usin any device, nature ind 
property of halide was used 
should be ascertained if not 
definitely known. New device 
consists of a regular Prest 
Q-Lite needle valve toreh 
handle assembly, a burner 
) which includes a suction nip 
ple for attaching a rubber 
hose, and a chimney witl 
copper reaction plate Rapid 
flow ot icetvlene throug 
urner draws WU nv ore 
trigerant was near open end 
of suction tube, hich is used to ¢ 
round those places where ( < mig 
occur. Nisible color indi 
concentration of retrigerant ¢ sy 
ry ree tee fl ‘ ‘ 
tivel\ ore mour is ese 
ISSUTTN Intense ( 
source rT 1¢ is bee ( 
Cie rs mast Ms t «i oy 
mosphere ¢ ll sit t 
of refrigerant gas ‘ t 
1\ lation in intenst t 
i Lind fir Prod / 
\ Ve Ve ( 








WRITE or MAIL COUPON for 


NEW 
CATALOG 





LABORATORY 
INSTRUMENTS 


PORTABLE GALVANOMETERS 
(Taut Suspension) 


SLIDE WIRE RHEOSTATS 
D'ARSONVAL GALVANOMETERS 


D.C. POWER SUPPLY UNITS 
(6 to 3500 Volt Units) 


o 


INSTRUMENTS FOR 
PRODUCTION CONTROL 


PHOTOTUBES 
PHOTOTUBE RELAYS 
SUPER-SENSITIVE D'ARSONVAL RELAYS 


(Sensitivity |/8 microamp.) 

(Control capacity up to !0 amps 
TAUT SUSPENSION GALVANOMETERS 
ILLUMINATION CONTROL EQUIPMENT 

(Sensitivity '/4 foot candle 


RHEOSTATS—SLIDE WIRE 


G-M LABORATORIES [NC. 


1732 Belmont Ave. Chicago, U.S.A 


e | 


G-M Laboratories 
1732 Belmont Av 


Chicago 


Please send your new catalog t 














— Motor-operated Timer 





Ne\ “Jewel No 


bg (first svnchron 


“ TV 

| i 4 Z ous-motor powered timer in the Walser 
4 4 4 line ill previous models having been 
spring or non-synchronous motor types) 
s 7 & may be idapted to anv time sequence ot 
a a open and ¢ osed circuits over time evcles 
of seconds, minutes or hours [wo or 

ble cams, mounted on 


more rdyusta 








( ( rotated by he SeClT-s rtin 
Q e i ‘ S » obtau 
r cle ‘ Ire enc I 
l ( SpPcet « r 
l na ( ( aru 
( i re aijl CC ryvine 
closed ‘ ( 1 ith 
er Hil ’ Lrhie ( ( ( ( relive 
einy e/ ad »O% ( tive 
einyg o/, do | \ ‘ 
1 1t< ictl ( ded dependi 
} 1 | I t () 
ly speed l ‘ ‘ nu 1rhie 
VC } Till ( ’ re 
( eC \ l ( Ctl ( Ishi 
‘ ower speeds double cto | 
nechanisn provides WICK ! ‘i a 
uick Dre ‘ Motor Is ub ric ted wb 
| ( pe with n T etl X box s piv of se iled-in oil. Moto nd swite 
. < . mnecti nd swite Col ct re 
= ichec 0 B KeTITE el] hich covers 
= cas cl sis to wh ot 1 Ta eal 
[Js S ) rain are t hec Entire it Is er 
- : ra : sed in a met OUST HW fut 
= : “lis ma ri ( / li 
trans ¢ gt Vew ) ( 
I quiy es cessories 
tor . _ yO . 
Electron-Eye Tuning 
Examinations i transmitted light : 
Brightheld Know! is the Taco Tuning Indicator, 
Darkfield observations from lowest to this self-contained unit makes use. of 
highest magnifications; the 6E5 tube, obtains its power supply 
from the radio set itself, and is installed 
Examinations 1 eflected light (Ve 
ical Illuminati ; 
LTROPAK Illuminatio 
Eve tvp tf illuminat is cites 
rv i arranged ft in ordinary 
i ¢ j ight 





FOUNDRY AND ALLIED 
INDUSTRIES EXPOSITION 
DETROIT, MICH., MAY 4-9 


OUR BOOTHS 352 and 354 


rr drilling a hole in 


“window” through w 
ind mour 


KE. . E I i Z ING tube target is viewed, unting 
4@ , . : 
° af bracket behind the panel. In the latest 


Indicator, 





1 the set 
hich the 
iting the 


L spclal 


OI * New Yor k. N, a model Taco Tuning 
filter disk or “intensifier screen” placed 
CHES before the 6E5 tube augments the cor 
i re 7 ; ee Calis trast between luminous ring and dark 
segment Technica {ppliance ( r} 


es It th St.. New York City 





INSTRUMENTS 


AUTO 


Self =Synchronizing Motor 





Type 769B, 





SYN 





PO SERN 
32 VOLTS AC, 60 CYCLESSINGLE PHASE 
EER INSTRUMENT COM 
BROOKLYN, NEW YORK 


AUTOSYN amu 


ew epee ead 





the smallest self 


synchronizing motor 
factured, is suitabl 
of remote 


Slight 


variety 
applications. movi 


ments of sensitive 


i 


manu 
e fora wid 


indication 


elements 


such as diaphragms and Bout 


don tubes may be 
and accurately transmitted 


instantl\ 


\ 


duplicate or triplicate indi 


cators. 


Size—23%"” diameter x 23%” long 
Wy eight 
Current- 


V oltage 32V. A.C. -~60) cycle 
2 Watts 


10 ounces 


.16 amperes 


Power consumption 


Heat Rise—15°C. 

Peak Torque—4+0 Gram. Cm. 

Maximum lag approximately 
Degrees 

Shaft Diameter—1/16° 


Ball Bearing Equipped 


l 


PIONEER INSTRUMENT 


Pioneer Instrument Company, Incorpo 


BROOKLYN, NEW YORK 


Subsidiary of the Bendix Aviation Corpora 


ra 


tic 














emperature Control with Regard to 
Oscillations of External Conditions 
and to Characteristics of Walls 


By EMERSON M. PUGH 


Associate Professor of Physics, Carnegie Institute of Technology, Pittsburgh, Pa. 


OT long ago, a Milwaukee company built a movie 
theater and made the southern wall extra thick 
because it was exposed to the sun all day. ‘Too 

they discovered that this thick wall retarded the 
wave so that the peak arrived in the building in the 
evening when the theatre was crowded. Since ther 
s no afternoon show. a thin wall of sheet iron would 
been more effective. 
In the design and application of cooling systems, th 
ire of heat flow into a building needs detailed con 
eration. While the average flow of heat through a wal! 
be calculated In the 
sual manner from the aver 
ee internal and external 
emperatures, it should be 


pointed out that this average 


PECIFICALLY, this article deals only with one 
problem in one field of temperature control. Dr. 
Pugh’s solution, however, is complete; and as 


The heat flow due to the sun effect through differen 
tvpes ot roof panels has been measured bv the Re 
search Laboratory of the American Society of Heating 
and Ventilating Engineers in Pittsburgh. Mv math 
matical solution of the problem. amply verified by these 
CX riments, was published Im two journals ina AS 
much as this solution seemed too + omptle x tor the aven rot 
engineer to use. a simpler approximate solution was also 
given in these articles. However, the approximate sol 
tion was still so complex that most engineers continued 
to use rule-of-thumb methods found in the handbooks 

even hough these methods 
might lead to the kind of 
diffeulties experienced b 


thre Vi W uke coneern lor 


unatelv. since this materia 


ow is not the significant : , ; ‘ s published. it has been 
What # presented here it permits heretofore unattained cer- I] , 
yuantity. la le engineer . “os - . foun Ossible to reduce 
he fey I i tainty and accuracy. Moreover, it is of such imme- nae Ee 7 ‘ 
ds to know IS le max! . = . - . curate solution to a series 
‘ diate practical usefulness and it marks such a con- a 
mum heat flow which can ° . . ; of curves herewith p 
siderable advance in rational method that it repre- 
be calculated so simply. ; . , : she so. that practica 
‘ sents an important contribution to the general field 
of temperature control. Readers who have to do 
with industrial processes will see the point of the i 
theater story: it bears a close analogy to many mis- 
behaving furnaces, stills, ovens, towers, and other 
temperature applications. —MFB 
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Fig. 1. Ratio of amplitude 6. to amplitude 6,,. for sinusoidal Fig. 2. Time lag t, for sinusoidal temperature variations. 


mperature variations. 


2~ TT, where T is the period. 
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Fig. 3. Typical « ury, 


| | ee of the variation with 

time of the temper tur; 

of the surface of roof 

t T : panels exposed to th. 

summer sun. [otted 

a line shows the s of 

rN two sine curves whos 

mo frequencies are in the 

ini a" SS : oo ratio of 1 to 2 and 
Feel whose amplitudes ar, 

SS ee ee a in the ratio of to 


0.32, respectively 


Sun Time, Hours 


problems can now be solved with little difficulty. 


We can divide the 


root. mnto wo 


W all or 


that 


total heat flow through a 


components: one steady. which is 


isually calculated; the other periodic, requiring special 


treatment. Over a 24t-lr. period, the average heat flow 
Into a building due to the pe riodic component is zero. 
Che conventional calculation, therefore. does give the 
correct average heat load. However. in the design of 


the peak of the heat flow is the 


important factor and this may be several times the aver 


COOLNY 


equipment, 


e value. It is possible to design a wall so that the 


iv 
cooling portion of the heat wave coincides with the peak 
of thre 
cooling 


Tf the 


Wall 


heat load from other sources, thus reducing the 


requirements, 
periodic temperature component of the outside 
then the 


surface Is assumed to be 4 7, cos of, 


periodic temperature component of the 


inside W ill surtace 1s yiven by 


the impressed heat wave, wt, has been plotted Ins 
of the time lag t,. 27/T, where T is the period 


Figs. 1 and 2 give all the information needed for 


sinusoidal temperatures, but the sun does not prod 


simple sinusoidal temperatures on walls or roofs. T! 


actual temperatures follow complex curves with periods 
of 24 hrs. These curves can be analyzed into their sin 


soidal which must be treated separately 


since the values of f and fl will be different for ea 


components 


component. The experiments of the Research Bureau un 
der F. C. Houghton 

the temperatures of surfaces exposed to the sun can ly 
expressed by a Fourier series with only two periodi 
(doubl 


experime nta 


showed that for practical purposes 


fundamental and the first harmonic 
The 
curves’ shows them to be surprisingly similar even w 
they were taken at different times 


terms, the 


frequency term). analysis of the 


the vear. In particular, the percen 





y ie 1): COS (afl a Bl ) am % 
/ ‘ wt ? oO Bl ) l \\ 


COS df : 
where / is the wall thickness. The con IN\ \ 
stants D, FF, B.e@ and § depend upon the 
physical properties of the wall (con \ 


ductivity A, density p. specific heat c, 


inner film conductance ¢) and the period 


va mental is made to lead the peak of 
te first harmonic by 


of the first harmonic required to fit t! 
curves of external temperatures is g 

of the fun 
damental. Also if the peak of the funda 


constant and averages 32% 


15 minutes (time ) th 


resulting composite curve represents 














) , fe) typical experimental curves. See Fig. 3 
| 27 w. Eq. (1) may be written ed . 
: mal \ \\ 
4— 8; cosw (t—t,), 2 H WV \ 
| \ 
where 4, and ¢, are complex functions \ " ; 
‘ | io \\ Fig. 4. Ratio of 8, to Ry, where external 
of D, EF, Boa l,w and 6,. If a new P 
0.4+—--4 \=_h ! temperatures are assumed to follow curves 
tap / ) ty 2 \ ° . 2 ae 
constant ¢ KB) is introduced, similar to the dotted curve in Fig. 3. 
4, #, and ¢t, can be expressed in terms 
of the two dimensionless quantities f G,, | | \lo—\ 
ind Bl, where B cp o 2A It will R S \ 
he noticed that 4; 4, is the ratio of the 0 -\ 
imp! ides of the internal and external 0.3} 1 \ TT) 
temperatures and ¢, is the time lag of \ 
i 
maximum internal temperature be < 
’ } o » EY \_\\ 
nals the maximum external Comp ra 
\ 
In | vy 1 4 e) Nas been plotted \ 
\ 
for various values of f and Bl. Thus, it 
say 
0.2 \ \ Seana 
e amplitude @ of the outside tem \ 
}) iture and the constants f and £#l ot ¥ 
} } e \ 
mur particular wall ire known, we N 4 \ 
n find 4 lirectly from the curve The 
maximum heat How is len 4; plus the } 
erage it flow calculated in the 1 \ ae ~ 
sual manner Che time of arrival of ‘ ) 
S maximum heat flow can be obtained 
m big. 2 which gives the lag of the 7 <a 
nsick maximum temperature behind t 
hat of the outside maximum temp ra O 
ure. In order that the curve mav_ be O ' 2 Ke 


iseful for all possible frequencies of 
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POTENTIOMETER LEAD 
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CORK INSULATION t | 
°.D-TEST PANELS 9 
COLD WATER SPRay J-<" BLOWER s < } 
ELECTRIC HEATER K- OILCLOTH COVERING a 
THERMOSTAT L-HEAT FLOW WETER 
\ j 
H- SPRAY RECEIVER M-CUP ANEMOMETER . | 
. (Left) Chamber for analyzing heat flow \ 4 
N-SUN SHIELD FOR AIR COUPLE , ) . 
through panels. (Right) Pyrheliometer. 
It we assulne that the composite Curve is TABLE I. Physical properties of some panels tested by the Researe! 
; Bureau of tl merican Society of ti nd Ventilat I ! 
typical external temperature curve for Pitteb - Pa \meric oclely Heating an entilating Engines 
. : ttsburgh, Pa. 
the sun effect, we find that we can express 
ervthing in terms of the f and fl of the eae _ ane 
fundamental and the range of the external 
temperatures R,. To calculate the maximum /}———__— + —__—- 
flow of heat we need the maximum of the , ol6& di : 1 
periodic temperature component of the insid ines wae aa? | 2a SRS is = ; 2 
surface 6,,. The maximum heat flow is given = 
' =A OP ? Ie 2 ] as 
by ef,, added to the average heat flow. Fig. 4 ae . ‘ OIG . 
shows the ratio of 6,, to R, plotted as func 216 .8B3 375/467 ) AR 1 ASO! 
tions of f and Bl. Fig. 5 shows the time lag 6 ar : : 
( 19 8c ARE 2 ) f 2A 
if 4,, behind the external peak temperature. 
| 4 ~ AAC A A 
Table I gives values of the constants for [ SID 144 049 |.c234 ) 329 3c 9 | 
: aS — a i. J 
some of the roof panels 
tested by the Research Bu 
reau. Let us use the 4” —— > 
. 7) 
gypsum panel as a simple from Fig. 4 to be 0.08. Let us as 
example to show how the t t | ae J a ze sume that the temperature range on 
curves are used for calcula ? the outside surface is (132 60 
tion. Table I / 3.99 and : fb’ KF... the same as occurre d on this 
»] . > T° « 4 1 
1.38. The value of 6,, | | | ya i li7 panel during the test on September 
Rk, corresponding to these 10. 1931 (Fig. 6). Sinee the value 
values of f and Bl is found ' + ; a ate fa? | = of ¢ for this slab is 1.9, the maximum 
W/| VV YF heat flow due to the pe riodic compo 
nent is 1.9 0.08 72 11 B.t.u 
: : ; 4 ft.-/hr. The heat flow due to the 
steady ‘olmponent calcula ed mn th 
Fig. 5. Time lag of 8, behind | t es a a 3 usual manner is 6.5 B.t.u./ ft. hr 
maximum external temperature. Chen the maximum heat flow due to 
Conditions as for Fig. 4. Ty , both components is 17.5 B.t.u./ f 
J eee ee = hr... which is 2 7 times the steady 
} < component usually calculated. and 
| I : 
J ee ae which agrees well with the exper 
} = mental re sults sh mwniin | vv. 6. | rou 
+ JZ p-/ 7 Le Ian “s ° 
| > the curves in } ir. > we tind the time 
| + See a ee le .= lag of the maximum heat flow behind 
| } ul the temperature maximum mm ft 
ie i ie ) = suutside surface to be 2.8 hrs. whic 
| a 
fi ? iSO agi Ss wit th xperimental 1 
y sults shown in | g. 6 It is in es 
f x ng » notice that the 8” cork-iron 
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and heat flow through the inner surface as observed and calcula 


Fig. 6. Curves for 4° gypsum panel showing outer surface temperatu ‘e 


of the sun may heat up the interior so that the heat w 
through the wall may be largely masked. The w 


| 7/288 


! nehes: the constants become ) 


cp A 0.1044 (cp/A ind f e KB for a fun 
exists, however, and has an additive effect. 


I t] ol Ij It 1S possible to exte nd this work to give solutions 


It t re nbered it while le curves gs { 
ind 2 are exact calculations, the curves in Figs. 4 and compound pane Is made up of slabs of different ma 
ire based upon experiments performed in Pittsburgh rials. The time required for preparing curves for 
n roof panels. It is not known. therefore. how closely purpose has not vet been available. 
last two curves apply to roofs in other latitudes or I wish to acknowledge my indebtedness to the ma 
» Side walls anvwhet Nevertheless, it is believed that who have aided me in this work. I am particularly 
thes rves of Figs. 4 and 5 are used on any wall or debted to Messrs. I’. O. Mortlock. I. Gazdik. and J 
t perate zones t results will ly better Dv ke Mr. VMortlo« kk ind Mr. Gazdik pe rformed I 
' tained fr present handbook + od f the calculations and Mr. Dyke performed them 
\\ ' a Fect important, the surface ten independently. 
st 1OW rves so What lar to 7.0 
g oak the davtin ind a flat cooling curve . < ‘ 
Y \ 
\\ ‘A t 1S nv windows, the di ray : 
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ndustrial Applications of X-ray 
Diffraction Analysis 


By VICTOR HICKS 


The Cooperative X-ray Laboratory,* University of Pittsburgh 


OON after the discovery of X-rays, it was recog reflected from a silvered surface, but there is one aspect 
nized that they afforded an important industrial, as in which the reflection differs. Because of the penetra 
ee well as medical, tool for seeing through opaque ob tion of X-rays into solids, reflections take place not only 
is. Some industrial applications of this tool—radiogra from one plane, but from large numbers of parallel 
y—were made immediately’. The development of planes. It follows that X-rays cannot be reflected from 
rh-voltage X-ray tubes permitted the extension of the atomic planes in all directions, as can light from a 
se applications. Today X-ray radiography constitutes mirror, but reflections occur only when the beam strikes 
important part of the physical testing of welded pres these planes at certain sharply defined angles, which d 
re vessels. In the foundry, it offers an aid for the pend, among other things, upon the distance between thi 
clopment of casting procedure. Inspection of assem planes and the wave-length of the X-rays employed. It 
ed products for imperfections or foreign objects may is only necessary, therefore, to measure the angles at 
made occasionally; with some slight modificaton of which X-rays of known wave-length may be reflected in 
e radiographic procedure, examinations may be visu order to determine the distance between the atomic 
y made of each completed object. These applications planes, and thus to learn something, at least, of th 
ive made this tool increasingly known in some industries. atomic arrangements of various materials 
Later applications of the physical \ convenient method by which t! 
wroperties of X-rays have led to the A reflections (or more strictly, the dif 
evelopment of another industria! r @ fractions) of X-ravs at angles of in 
ol of equal importance, which may cidence from approximately zero t 
be deseribed as a tool for seeing 90° on atomic planes are recorded 
small things. ‘The operation of the simultaneously on a photographic 
film is known as the Debve Scherret 


ond tool——X-ray diffraction analy . 


Hull method. The D3 ray hye im 9S 


confined to a small bundle of abo 


sis—is thr subject of this article. 






\ 
IYSICAL PRINCIPLES OF THE TOOI “ 
FOR SEEING SMALL ‘THINGS 

Physical studies have shown that 

he atoms of most substances. are 
spherical, or approximately so. A 
solid object may be thought of as 
composed of atoms packed together 

is though they were small rubber Fig. 1. A Debye-Scherrer X-ray dif- 
balls of different sizes. (‘The wav in fraction camera. (1) aperture tube; 


(2) specimen; (3) X-ray film; (4) 
specimen holder; (5) cap with fluor- 


1 


which the atoms of some typical sub 


Stances pack together in the solid escent screen; (6) exit tube for prim- 
form is illustrated by Fie. 8 but for ary X-ray beam; (7) sliding rod for 


the present purposes the details of adjustment of camera in X-ray beam; 


} . ' 8) for clamping came-a to X-ray tube. 
the arrangements are not important. (8) for ¢ ping : 


The physical basis, on which the tool 

for seeing small things rests, is requ 

larity of structure, which may extend over thousands to 
millions or more atoms in one solid body. In consequence 
f this regularity the atoms lie in uniformly spaced 
parallel planes. In the model of rock salt, for example. 
planes which contain only sodium atoms may be readily 
selected, and parallel to these planes are found others 
hich contain only chlorine atoms: others contain both 
vpes of atoms, such as the planes through the diagonals 
if the square faces. These planes are in the neighbor 
ood of one two-hundred millionth of an inch apart 
\-rays can be reflected from these planes just as light 


, } Confe It trial PI 
Pittsburgh Ne Tr} 
h radiography but y with X 
March : Q4 
tv X-ray i t \ S pons ) 
Physics and ¢ Ctl ind M | I 
I V sity ¢ Pittsburgh 
S 1 hes Sey itt mate f a 7 ‘ ‘ , , 
r. R y I “Sait oe, X-ray \ Fig. 2. X-ray tube with (at right) cylindrical powder camera 
¢ nd (at left) fiber diagram camera. 
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Fig. 3. Some of the more common types of crystal lattices. 
| 16” diameter by a system of circular apertures. ‘The 


material to be investigated is powde red and formed. with 
sult ible bine r such AS collodion, Into a compact rod 

. Os ; ”” a 
of about 1 32” diameter and about 1° 4” long: metals 


] 


turned or drawn into such rods, and fibers may 


The 


its axis perpendicular to the 


be W rapped into compact bundles thus 


prepared is placed with 


Spe cClmen 


X rav be im. oA double coated photographic film is bent 
into a evlinder coaxial with the specimen. The assem 
bled apparatus for holding the system of apertures, thi 
specimen, and the film, is known as an X-ray camera. 
See Figs. 1 and 2. X ravs of rather low penetrating 
power are commonly used, and the X rav tube gen rally 

is a thin window of glass or aluminum to allow the 


X-ray beam free exit. Descriptions and photographs of 
such cameras and X-ray tubes have been given earlic 
n this journal by H. R. Isenburger~; a more detailed 
description of the Debve-Scherrer-Hull method and th 
principles on which it rests may be found elsewhere 

Phe film, when finished, is known as a diffraction pat 
tern or photogram. A change in the positions of ther 

flections without a change in the relative configuration 
of the diffraction pattern indicates an alteration in only 


the general 


appe ATANCE 


the structure, 


he 


indicates a 


he dimensions of arrany 


ment being press rved of a new config 


reflections 


ration of new arrangement © 
itoms, and = thus, usually. LIVES evidence ot a new 
substance 
SOME APPLICATIONS OF TITLE TOOL FOR SEEING 
SMALI PHINGS 


1. Metallurgy. An example of the application of this 


method to the silver-cadmium alloy svstem by Astrand 
ind Westgren® will serve to illustrate the explanation 
just given. The phase diagram (upper part of Fig. 4 


field of solid solution of 


a narrow field of a second phase which 


Is characterized bv a larg 
cadmium in silver, 


wo others. a 


‘ ; 


third and a fourth phase both of 


} 
over ips 
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which have a range of solid solubility for cadmiun 
some extent, and finally a solid solution of silver 
cadmium. ‘The spatial arrangements of the atoms 
duced from diffraction patterns of these alloys are shi 
below the phase diagram in Fig. 4. Over the first Ja 
range of solid solution, the original arrangements of 
silver atoms is maintained. cadmium atoms being x 
stituted at random for the silver atoms. with a result 
of the In 


the cadmium atoms have definite positions \ 


expansion atomic arrangement. the se 
phase, 
respect to the silver atoms, and the binary compo 
AeCd is indicated. The 


plicated structure requiring 52 


third phase has a large, 


atoms to represen 
single structural unit. and foreign atoms can find ro 
in it 
thre 


compound of the formula Ag,Cd,. The fourth phase 


with only a small change in the arrangement 


ideal case this structure represents an intermeta 


similar in structure to the last one. cadmium. The str 


thre 
a compound which has the formula AgCd,. ‘I 


ture of fourth phase, in the ideal case, also repr 
sents 
large structural unit of the third phase is similar to t! 
of y brass, and, in fact, this discussion applies just 
to the 


general results are 


We 1] 
concerned. 
Such studies as this allow one to determine the 
of solid solution, that is. 
solvent ator 


for the 


and those in which the solute atoms slip in between 


in which the solute atoms substitute 


copper-zine alloy system in so far as ¢} 


I 


solvent atoms. It also permits the determination of ¢! 


range of solid solution. Further, it 
ot the 


Important as 


gives positive 


pro 


existence of intermetallic compounds. 


these contributions are, however, | 


method still has one greater advantage, 


sible 
[he binary alloys of copper, silver. or 


num, zine, cadmium, or tin have one or more phases, t! 


structures of which are similar to those of. the 


for it makes pos 
a classification of allov svstems on a new basis 


gold with alum 


! 
STiVer 


cadmium system; other systems also fall into this class 


fication. When the initial components have similar stru 


tures, they are generally miscible in the solid state in a 
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TRUCTURE OF THE PHASES 


Fig. 4. The silver-cadmium alloy system. 


re 


proportions, but if the structures are different, they a1 


tvpe 
to distinguish between the cases 
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Fig. 5. Diffraction patterns of rolled steel sheets: (A) low re- 
juction; (B) high reduction. 


ikea! 


iiscible, without the formation of compounds or simple 
uixtures, over only a limited range. It is the atomi 
irrangements of the phases, of course, which determine 
he physical properties of the alloys. On the basis of 
information now available, it is possible, in many cases, 
to predict the atomic arrangement and the type of phas« 
diagram to be expected from a knowledge of the ele 
nents forming the alloy, and thus to determine in ad 
vance some indication of the physical properties of a 
new alloy. 

X-ray diffraction methods give information concern 
ing the processes of rolling and drawing. It has been 
found that there is a close relation between the align 
ment or orientation of the crystallites produced in a 
metal by such processes and the resultant mechanical 
ind magnetic properties. X-ray diffraction methods per 
mit the measurement of the degree of crystallite orien 
tation. Fig. 5A shows a diffraction pattern of an iron 
sheet with a small amount of reduction in thickness pro 
duced by cold-rolling; the pattern is characterized by 
nearly continuous rings which indicate a random crystal 
lite orientation. A diffraction pattern of a similar shee 
which has undergone a severe reduction is shown in 
lig. 5B: the rings are broken into short ares, the lengths 
of which are related to the degree of perfection of orien 
tation of the crystallites. This material has physical 
properties which vary with the direction in the rolled 
sheet. 

It also is possible from patterns of this type to esti 
mate the internal stresses in certain materials. Such 





A 


Fig. 6. Diffraction patterns of some fibers: (A) 


B 


studies as these have led to the improvement of trans 
former steels and to the deve lopment of better rolling 
technique. 

Annealing of rolled or drawn materials at the proper 
temperatures destroys this orientation and increases the 
size of the crystallites ; along with these changes 
properties of the metal are altered. It is possible to fol 
low the growth and reorientation of th crystallites by 
X-ray diffraction methods. 

Again, X-ray diffraction analysis may be used to de 
termine the size of crystallites when these are below the 
range of microscopic visibility, as the widths of the re 
Hections are related to the sizes of the reflec ting crvstal 
lites. 

2. Studies of Textiles. Textile manufacturers, too, are 
concerned with problems of crystallite orientation. ‘The 
perfection of orientation of the crystallites of fibers may 
be measured in the same way as for rolled metals. lo 
example, the diffraction pattern of raw Sea Island cot 
ton fibers, Fig. GA, is not widely different, in the general 


ightly rol ed 


character of the reflections, from that of 
steel. Processing the fibers may somewhat increase thi 
perfection of orientation, as a photogram of treated cot 

ton, Fig. 6B, shows. The orientation obtained by treat 

ing the more common cottons is not generally as perfect 
as that found naturally in ramie; the diffraction pattern 
of ramie, Fig. 6C, shows relatively sharp spots, indi 
cating a high degree of crystallite orientation’. Similar 
studies have shown the way in which mercerization take 

place. 

It also has been shown that water acts upon the in 
dividual molecules of wool, while in cotton fibers it. re 
mains outside the boundaries of large groups of mole 
cules; this has led to an understanding of the cause of 
wool shrinkage, and its reduction in the manufacturing 
proce SSCs. 

In a similar manner the steps involved in the spinning 
of artificial fibers may be followed; X-ray studies have 
led to the betterment of spinning processes and the im 
provement of the quality of the spun materials 


3. Ceramics. Analogous applications are found in the 
+} 


fic ld of ce ramics, whe re one le als with S\ Stems the com 
The fibers P repar 


Mellon Institute 


raw Sea Island cotton; (B) treated cotton: (C) ramie. 
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( 
Fig. 7. Diffraction patterns obtained in a study of indusirial dust 
onents of \ 1} ine compounds instead of elements 
his presents no diffeulty. As an example. it is inter 
ve to observe that the components of clays may otten 
be identified by X-ray diffraction analysis when micro 
scop n hods prove too lithe ult 
t Studies Glasses. X-ray diffraction analysis has 
nade notable contributions to the glass industry. By this 
neans it has been shown that the coloring agents in some 
FIASSOES) Are 1cll lly crvstalline even though thes are 


xtremelv sma Certain Opac iflers in olasse S and enamels 


f Hence the primary 


found 
iuses of color and opacity may ay thought to be associ 


ire also to bye ervstalline 


ted with extreme hy small crystallite s of the proper sub 


tanees. Thus. there is offered a means of understandin 
ind controlling color and opacity. In 
X-ray analysis is 


nderst inding of the 


a Similar manner. 
diffraction pointing the wav to tl 


physical nature of a 


Dusts X-rav diffraction 


sis may be used as a method of identifying compound 


clear olass 


5. Industrial linally, analy 


pust as the spectroscope 1s used to identify elements 


an example obtained in a study of the in 


lise ASt 


l oF ( shows 


chi strial known as silicosis for which quartz 
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(A) autopsy; (B) quartz; (C) factory dust. 
Is otten lhe ld re sponsible. The 
quartz ; is the 


dust, and above it is the pattern of the material remo 


without 


central pattern is tha 


lye low it 


heat or acid treatment, from a lung of a pr 
mona patie nt after AULOPS\ l rom thre similarity Ol 
positions and intensities of the lines. the 


} 


OOVIOUS 
CONCLUSION 


tool for seeing small things. the 


\sia X ray diffi 
tion method has led to the control of industrial proces 


to the reduction of industrial wastes. to the solution 


industrial research problems, to the 


improvement 
products, and occasionally 
products. Many applications could be suggested bes 
those given. It will not solve every problem, nor is s 
power claimed for it. 


It is probable, 
applications of the 


method 


however, that 
have succeeded mats Tht 
times than they have failed. Often valuable results | 


been obtained, results which were not even suspected 


the beginning of the investigation. 
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oad ‘Testing on Underground Cables 


By G. B. STANTON 
Brooklyn, N. Y. 


. this article there will be discussed some sources of 
rror in underground cable testing that have not been 
A. (horoughly investigated in the past; and there will be 
sed some methods of determining the magnitudes 
ese errors and of compensating therefor in order 
tain higher accuracy in this line of work even when 
sts are not performed by highly skilled engineers. 
_and d-c. cables, designed for submarine or under 
ind type ot power transmission, have a protective 
llic sheathing around the conductor-cable insulation. 
In general, the underground duct type cables have lead 

\ sheath. 

Phere are cases where this lead sheath acquires a 

ntial higher or lower than that of the surrounding 
ind. ‘This potential depends on the chemical condition 

we ground (7.e., the acidity of the soil), on the pres 
of other underground metals in proximity to thi 

ibles in the ducts, and on the wetness or dryness of 
soil. 

n congested areas of large cities other factors aris« 
Surface and underground electric transportation rails 

‘ma potential network. The rail potentials vary in 

ignitude and direction with respect to the ground 
potential and the nearby water, gas and electric mains 

This variation, or difference of potential of nearby 

tallic objects, constitutes a favorable sub-soil condi 

on for the circulation of electrolytic currents. Thes« 
ectrolytic currents form a network of their own; thes 
vary in direction and magnitude, and to a certain extent. 
they add to the heat generated by the conductor prope 
of the cable. 

Most of the latest cables, installed in) underground 
ducts, have their lead sheaths grounded or bonded. Also 
there are some installations with partially insulated 
splices and lead sheath. This practice, depending on 
sub-soil conditions, reduces the electrolytic sheath cur 


rents, 
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Fig. 1. Drop of Potential Method. Millivoltmeter leads 
ipplied directly to the cable sheath. 
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I. METHODS FOR THE MEASUREMENT OF SHEATIL CURRENTS 


1) The drop of potential method. This method, Fig. 
I, gives an approximate ev iluation of the electrolytic 
sheath currents. The drop in millivolts across a measured 


length of cable is measured by a standardized instru 


ment. The resistance of the measured length estimated 
by the manutfacturer’s data he Ips to give an approximate 


estimate of the sheath current 


< ] j "i ] " 
4 { method nvolving the ringing of the sheath. Vh 


method, Fig. 2. is more reliable, although not always con 
venient, for obtaining the value of the electrolytic eu 
rents. A small portion of the cable sheath is removed 


ind the free ends of the sheath bridged ty t Suitable 
clamping shunt. Here again we make use of a millivolt 
meter which is connected to the potential binding posts 
ol thie shunt This will WMeASUre 1c'¢ rately the current 
through the shunt, but 


requires a good metallic contac 


it’ the clamping points for the insertion of the shunt in 


the sheath circuit 


II]. LOAD MEASUREMENTS ON D-C. CABLES WITIL DEVICES 


ADAPTED TO SURROUND THE CABLI 


The re are cases where it s desired to measure thre load 
in various feeders and mains on underground cables 
These measurements are effected in manholes or service 
boxes when current measurements at the consumer’s 
premises will not supply the necessary information as to 


the load conditions. 


Instruments devised for load measureme nts, adaptat 


around the cable. Vhese instruments are based on. thi 
magnetic induction principle. 
1) A substantially U-shaped magnetic voke, some 


times consisting of two sections pivotally connected to 
vether, is adapted to surround the cable. The magnetics 
flux, preduced by the current in the conductor, enters 
the magnetic voke and forms a magnetic circuit. An air 
gap is provided in this magnetic circuit for the intro 
duction of the measuring device. One type of instrument 
has a magnetic voke terminating in pole-pieces, and a 
rotating direct-current armature is mounted in the air 
gap of the pole-pieces. The rotation of the armature cuts 
the lines of force in the air gap, and generates an e.m.f 
which is supplied to the indicating instrument. (Fig. 3. 


If the armature spe ed be maintained constant, the gener 
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tig. 2. Ringing of the 
SHUNT Pr ging 
bridging insulated section. 
Fig. 3. Hinged iron yoke around 
the cable: generating armature 
within the pole-pieces of the 
MY magnetic yoke. 
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Fig. 4. U-shaped iron yoke around the cable; battery 
energized moving coil within the pole-pieces of the yoke. 


. becomes proportional to the flux inthe air gap, 
the latter being proportional to the flux generated by the 
cable He nee, 


constants, the 


current in the by suitably proportioning 


the instrument deflections can be 


made 


proport onal to the current in thre cable or conductor 


within the magnetic 
scheme is that indications depend on steadiness of hand 


enclosure. A disadvantage of this 


cranking. An automatic speed governor might help to 


extent but in general the 


readings are unreliable. 


2 Another 
Mec ASUTet nts, 


having 


device, for underground direct-current 
U shaped voke 
pole-pieces, and a d’Arsonval system mounted 
between the pole-pieces. The movable coil of the d’Arson 


val System Is energized by 


comprises a magnetic 


a constant-potential battery, 


the latter suitably located under the instrument cover. 
Fig. 4.) When the magnetic yoke is applied around the 
cable and the movable coil energized by the battery, the 


instrument deflection becomes a function of the torque 


due to the ampere-turns of the movable coil and the 


Hux in the air gap of the d’Arsonval system. Here again, 


voke, provided that the 


is in the previous case, the deflections of the indicating 


levice are proportional to the magnetic flux through the 
current through the movable 
il remains constant. In this scheme the constancy of 


ilibrat steadiness of the 
coil. Once the 
taken out for field measurements, the 


ge varies, and hence the 


on depends on the 
vatterv for the 
bra ed ind 


vattery volta 


energizing 
movable instrument is 
instrument indi 
itions differ from the calibrated scale de flections. 


3 \ recent type of measuring instrument, Fig. 5, 
1 pivotally connected magnetic voke having 


gap in the magnetic path, and an indicating d 


vik ft t iovable armature type.’ The pivotally 
nn ted magnetic voke Is ipplied iround the cable and 
h ble iron of the indicating device slidably adapt 

1 int r gap of the voke. The deflections of this 
nst t d )) nd on th imount of the flux in the air 
gap. said flux produced in the magnetic voke by induc 
tiv uupling to t flux di the current in the cable. 
\s rq wcessary for the instrument deflection is 
if on of the flux in the air gap and the flux induced 
in} r\ blk irmature by thy air gap flux. thre de 
fl ns of s instrument vary as a certain power of 
the current in the cable. 

Sin there is no rotating armature or ene rgizing hat 
tery for the operation of this last type instrument, it has 
several inherent advantages over the first two types 

} \\ I ~ 

uxten Vol 

xP. A n & MI M 
cs erinthart ‘ + 
I 


NSTRUMENTS 
ize 138 Vol. 9 


























— 


E 
)RoN YOR 
— —- —_— — — 
a — ape ea 
NINGED 
oe, CONNECTION 
ay \ 
no 
2? mr, 
Fig. 5. Pivotally connected magnetic members around 


the cable; moving iron indicator slidably mounted in 


magnetic path of the members. 


There are several other types of instrument, i 


a permanent magnet, 


the indicating device or in conjunction with the y 
around the cable. The repeated disposition of 
permanent magnets in proximity to heavy direct 


either in the moving element 


ntended 
for direct-current measurements by adapting the 
around the cables. They make use of an iron yok 


rents, alters the permanence of calibration of these ir 


struments, and renders them not quite suitable 
dustrial measurements.” 


[Il. eFFECT OF ELECTROLYTIC SHEATH CURRENTS 
INDICATION OF A D-C. INSTRUMENT INTENDED FO 
MEASUREMENT OF THE CURRENT IN THE 


CONDUCTOR PROPER 


In the previous section we have discussed instruments 


which are adapted around the cable. In effect 
measurement the magnetic yoke surrounds the co 
proper and the lead sheath. Thus, the flux in tl 


netic voke function of the current 


becomes a 
conductor proper and the electrolytic current 


lead sheath. See Fig. 6. 
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Fig. 6. Sheath currents may be in the same direction as 
the power current in the copper conductor, or in the dire« 


tion opposite thereto. 


Thus, if the conductor carries 200 amperes dirt 


rent and the lead sheath 100 amperes, both curr 


the same direction, the resultant flux in the m 


yoke becomes a function of 300 amperes d-c. 
quently, instruments discussed in the previous 
will indicate 

If the sheath current is in the reversed dire¢ 
the current in the conductor, the resultant flux 
magnetic voke becomes a function of 100 ampere 


Consequently the 


300 amperes, 


above 


100 amperes. 


type instruments will it 


ct 
ent 
ig 
( 


s 


t 


s 


The effect ot the electrolytic current is usually 


looked in the above-discussed methods of load t: 


This effect may amount to an appreciable percent 


the current in the conductor proper, and lead to 
roneous estimation of the 
re liable 
obtained in manholes and localities where the lead 


or protective armor is thoroughly bonded or gro 


A still better method would be to measure the el 


measurements, instrument indications sho 


conductor current. For 


} 


lvtic current by one of the methods described in S 
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then correct the measurements discussed in Se¢ 
[| by the value of the electrolytic current. Al 
these methods involve some difficulty, they will 
fairly accurate value of the conductor current 


t is desired to measure. 


LOAD MEASUREMENTS ON ALTERNATING CURREN' 
ES BY MEANS OF DEVICES ADAPTED TO SURROUND 
rHE CABLE, USE OF CURRENT TRANSFORMERS 


nentioned in Section I, the sheath of the under 

1 cable is the seat of electrolytic currents, their 

nee being independent of the type of power cur 
through the conductor proper. 

ic. power cables, in addition to the aforementioned 

sivtic currents, there is an induced alternating 

nt circulating on the lead sheath. Since the latter 

.s due to a.c. alone, it is a function of the a-c. power 


nt transmitted through the conductor proper, and 


ries with this current. 


|) Power current in the conductor and induced a.e. 

culating on the sheath, both in phase and devoid of 
harmonics. 

The usual method of load measurement, on under 
vround a-c. cables, is practiced by adapting around thi 
ible a pivotable split-core current transformer, whos« 
secondary is connected to a suitable ammeter, and where 
the induced current bears a close ratio to that of the 
primary and secondary ampere-turns. 

In adapting the current transformer around the cable. 
the transformer core surrounds the conductor and_ the 
sheath as well. Thus the induced current, in the trans 
former secondary, becomes a function of the resultant 
Hux due to the power current in the conductor proper 
ind the circulating a-c. sheath current. Assuming that 
the above currents are in phase and devoid of harmonics, 
ic induced current in the transformer secondary will b: 
he sum of these currents. Hence the indications of the 
unmeter, connected to the transformer secondary, will 
be higher, as if a higher power current existed in the 
onductor proper. As the a-c. circulating currents art 
nduced all along the entire length of the cable they 
use a power loss. If the cable is loaded only at the 
ther extremity, the current in the cable will taper oft 
toward the loaded extremity. Assuming that there are 
1 other losses except the above, the current measured 

the transmitted end will be lower than that at the 


generating station. 


) 


Power current in the conductor and induced a. 
rculating on the sheath, both out of phase and contain 


nq harmonics, 


When the power current in the conductor proper and 


+ 


he induced a.c. circulating on the the sheath contain har 


onics and are out of phase relative to each other, t] 


ra 


' 
ix in the transformer core becomes a vector sum of t] 
perposed currents. The ammeter connected to tl 


insformer secondary will indicate values more com 


ited to decipher than in case (1 


}) When, in addition to the above Cases (1) and 


cable sheath carries electrolytic direct currents 


in the above cases we have seen that the ammete? 
ected to the transformer secondary will not indicat 
lie truly representative of the power current in the 
luctor proper. If in addition, the sheath carries 
rolytic direct currents. the accuracy of the current 
former and the indications of the ammeter con 
d to the se condary of same become still further in 
d. The flux through the transformer core now be 


sa function of the vector sum of. the superposed 


d.c. and a.c., while the induced current in the transform 
er secondary will depend on the primary ampere-turns, 
the transformer winding ratio which remains constant. 
and the magnetizing effect of the d.c. due to electrolytic 
origin, 

The magnetized transformer ratio will be higher. when 
magnetizing d-c. flux threads the core in addition to the 
flux due to the power current in the conductor proper 
Hence, the indications of the ammeter connected to the 
transformer secondary will be lower than the true valu 
as if a lower power current existed in the conductor 


prope F. 


V. LOAD MEASUREMENTS ON A-C. CABLES BY MEANS OI 
DEVICES ADAPTED TO SURROUND THE CABLE, BU' 


DEVOID OF WINDING OR COILS 


In this case we make use of instruments of the type 
discussed in Section II, Case (3). and which are based 
on the magnetic induction principle. A magnetizable 
member is adapted to surround the cable and a movable 
iron indicating device disposed in the magnetic path of 


the magnetizable member 


l If we assume conditions as in Section IV. Cases 

1) and (2), on the a-c. circulating sheath currents, the 

indications of the instrument will be similar to a value 
obtainable by a current transformer. 

2) Power current in the conductor and electrolytic 


d.c. on the cable sheath. 


In contradistinction to thie value S obtain ible by icur 
rent transformer, as discussed in Case (3) of Section 
IV, the indications of this instrument will be higher 
than the actual a-c. power current in the conductor 
proper. The flux through the magnetic member of the 
instrument will be a function of the a.c. in the conductor 
proper, if we assume no induced a-c. circulating on the 
sheath, and the electrolytic d.c. on the sheath, and inde 
pendent of the direction of the latter current. 

Let J, be the effective of the supe rposed a.c. and duc 

l the maximum of the alte rnating current, 
/ the d-c. sheath current. 
The effective flux due to these currents is derived by 


the superposed currents. Hence. 


0 
Noss i 
r e adh 7 COS 2 
I?y1 / | | : 
= ) ) 
‘ oO 0) ~ 
Integra Ing ind sin pl tving 
] / f 
or / ] / 
where J, is the effective of the alternating current 

Hence the instrument w ndicat 1 current 
higher than the actual a.c. in the cond Yr proper, and 
the fictitious indications will be equal to the square root 
of the sum of the sq res o id ! 

Ih S measure if ) DOW } ny ! 
iTorementiones nstruments around thie ible, and n 
conditions enumera i nt if . t jh ae i(] ft 
in errat s t ! t 1 j ns 

If the ringing ot s ss sted 
Section I, ( . rs 5 Y i ‘ 
toe tte i is » i ‘ | 
illy ns if 1 i ‘ ns 








Cathode-ray Oscillograph Auxiliaries 


illy in Jnstrument Chis series began in the July 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


DEFLECTION AMPLIFIERS 


\s the analyses of representative circuits used in com 
mercial models of cathode-ray oscillographs bring out, 
it has become almost universal practice to incorporate 
one or more single-stage amplifiers in the equipment, for 
the purpose of securing greater deflection ranges. In 


order that this addition be useful it is nece ssary to min 


imize both the frequency discrimination (at least over 
the audio range) and the amplitude distortion. A high 


nu pentode, such as a type 57 or a 6C6 tube, makes an 


excellent arrangement. A circuit showing such a stage, as 
outlined in Fig. 4&8. utilizes the same power supply that 
furnishes the operating voltages for the cathode-ray 
the. Overload distortion is reduced by the use of ample 
voltage in the plate circuit with proper biasing of thi 
control grid 

While amplification is doubtless necessary in’ some 
ises and is convenient in many, still it is desirable that 
direct connections to the deflection plates be made when 
ever possible, without an intermediate amplifier, especi 
ily when used with frequencies near the limits of the 
iudio range or with unusual wave-forms. unless the re 
rams are inaly zed with frequency cor 
lor extremely low frequencies, and slowly varying 


nts. a conduc vely coupled up fier may be ised 




















l writer has applied such an amplifving device. the 
ot Ww ( is Shown in I g, 49, to the st idy ot 
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tain medical and psychological studies, and 
analysis of motion in slow-moving mechanical d 
The circuit is extremely sensitive and a fractior 
volt variation in the input circuit will produce a s 
wide deflection. For even greater deflection sens 
air-core deflection coils, having a large number ot 
see Fig. 5, Sept. 1935) can be substituted for t} 
sistor #.. With a similar set of coils it was found 
3” deflection could be obtained with about 20 mil] 
applied to the input circuit. 

Inasmuch as this type of circuit will find use in 
of the industrial applications which will be review 
later articles, a few circuit details may be of int 
The input circuit as shown is an application of tl 
sistance variation type, wherein an external resis 
connected across the input terminals may vary 
varied in accordance with some set of conditions 
test. Ry) must be adjusted so that the steady or un 
ing input resistance is balanced out, and the first tul 
1 proper bias. This is indicated by securing the gr 
sensitivity in the deflection circuit with a given 
ind nine-volt batteries in the 


circuit can each be increased if certain tests 


variation. The three 


that a higher deflection gain is needed, but the p 
inary adjustments should be made at the lower \ 
The input circuit can be readily changed to 
potential variations if desired. 

The voltage “e” is of the order of 10 volts. and s 
be variable between 6 and 15 volts for the one-n 
coupling resistor shown. Higher values of coupli 
sistance can be used if tubes are selected that hav 


internal resistance and little or no internal leakag 


tween the elements. This is a true d-c. amplifier w 


will record sing surges or verv siow changes. 
+ 
} 


—_ ‘ es ' 
limited in accuracy only by he freedom of it 


supply from voltage drift 


TRANSLATING INSTRUMENTS AND 
DEFLECTION ACCESSORIES. 

Since the electron deflection process in a cathod 
tube can be accomplished only by the application of 
trostatic or magnetic fields, translating devices ar 
quired to convert non-electrical magnitudes such as 
velocity, pressure, ete., into electrical potentials. 
found that many devices now available for other 
poses can be utilized for such purposes without ra 
changes. 


In problems of the usual type it may become 


sary to measure such magnitudes as: physical disp! 


ments, small mechanical vibrations, fluid and gas } 


sures, time, sound pressure, light intensity, mag 
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ignetic saturation, hardness of metallic objects, 
ogical effects such as heart and nerve actions, 
-ature, chemical reactions, torque, variations in 
nal velocity, and many other magnitudes in other 
Ope rational details concerning the application of 
translating instruments to convert such magni 
nto electrical potentials are largely dependent on 
nditions of the problem at hand. The solution of 
if these problems, such as time, magnetism, ete., is 
from data which has been given in previous 
s. In many of the other applications the tube may 
, simple indicator—a substitute for a measuring 
nent. In many cases the use of a measuring instru 
nay be preferable unless the factor of time enters 
yroblem, in which case an oscillograph is  indis 


] 
1DIe. 


CONVERTERS FOR MECHANICAL MOVEMENTS, 


he recording of physical displacements, or of other 
tors that are dependent upon such displacements, calls 

. pickup suited to the distances involved. For small 
ons and vibrations several types of microphones, of 
piezoelectric devices, and of magnetic devices are avail 
For larger displacements, involving several inches, 

i: linear resistance strip, the contactor of which is con 
trolled by the master mechanism or forces under investi 
gation, can be used to control the deflection directly. It 


ilso is possible to utilize devices wherein capacity 
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changes are produced between two metal plates, by the 
translation of one of them by the motion under study. 
Such devices have been used as well in studies of small 
vibrations in machinery. In one system, such capacity 
changes are used to alter the note produced by a beat 
frequency oscillator; in another method they affect the 
balance of a neutralized amplifier stage, so as to alter 
he output power; in still another arrangement the ca 
pacity variations are used to alter the relative phase dis 
placement in a rotator or circular time base circuit and 
hus affect the shape of the resulting ellipse. High-fre 
juency potentials must be applied to this circuit in order 
that the total capacity required in the capacitive branch 
need not be large, and in order that the time base fr 
quency be of a different order from the vibration fre 


quency. In the circuit shown in Fig. 1 small changes in 


capacity of C; are said to produce detinite changes 


}: 
il 


n +] 


ie plate current which permit the device to be ca 
brated. 

In many of the above applications the actual extent of 
displacement is of minor importance, for such dis 
es can usually be measured directly. The speed, ac 
ration and duration of the motion are generally the 
irtant factors, so that the time lag and mechanical 

a of the pickup must be considered in making a 
ible selection for a particular test. 


r still greater distances. of the order of a few hun 


March art thie ries, referet \ 


dred vards or more, sound waves can bye employed in 
some types of tests. Several methods for using sound 
Waves are applicable but. the accuracy of this method, 
when used in the open, depends upon wind velocity and 
barometric pressure. In one arrangement, a sound gen 
erator (loud speaker) is energized by a series of pulses 
spaced at definite time intervals. Th speaker is located 
at the remote station which may be mobile. The phase 
relation between the sound pick ip and the initial pulse 
indicates the separation. For longer distances several 
CVE le Ss may elapse bye tore t lie sound Wave returns 

This principle of acoustic wave propagation is th 
basis of certain forms of geophysical ipplications, where 
the difference in time between the ground wave and th 
air wave gives a clue as to the geological conditions be 
neath the ground. For this service the initial sound pulse 
is generated by firing a charge of high explosive. 

For other tests it may be possible to use the Doppler 
effect to show the rate at which an object is moving to 
or from the recording station, where the oscillograph 
shows the frequency variations. 

Specific examples, such as marine depth measurements, 


will be taken up in later articles. 


VIBRATION STUDIES, 


Ever-increasing diligence is displaved by manufac 
turers in reducing the vibrations of products which have 
moving parts. In this work the problem of measuring 
the relative amounts of vibrations is but a small part of 
the job, as corrective measures must be applied to un 
balanced parts. This requires the determination of the 
location of the eccentricity, and then counter-balancing 
it sufficiently to pass the required vibration standards. In 
order to do this, vibrations in two planes must be corre 
lated into a single diagram or indication so that the di 
rection of the unbalance component can be definitely 
ascertained. In some problems, such as crankshafts, the 
unbalance may be near one end, so that a three-plane 
check is nece ssary, or ¢ Ise the balance tests must be car 
ried out simultaneously at each end. In order that the 
vibrations in the two reference planes be recorded in 


dependently it is necessary that the pickup unit be de 


cidedly directive. so as to pick up vibrations in a sing] 
plane only. 

Magnetic pickup units can be designed with this ob 
ject in view, and have been frequently described in con 


junction with many types of laboratory and production 


tests. Double units w lh Oye ration il »] ines iM qu idr iture 


l 1 


ind operating with but a single point of contact with 
device under test have been made. One such svstem, to 
he described Im aA iter art cl “ lI ] Zs thie SI! ill doubl 
magnetic pickup unit of the Service-art Laboratories, 
New York, whic] was part larly dey lop | for auto 
motive servi tests 

It is usuallv found t s scan st 
ful when applied to lef nosvs r direct 
rr throug in} tiers n yn I W“ svn mous 
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the vibrating mechanism, or else is attached to a y] 


and is inertia controlled, in which case the whole (ey; 
= Sv is clamped to the mechanism under test. In Fig. 2}, foy, 
similar coils are placed on a common magnetic © rey 














and connected as in a bridge. With correct polari 




































































































































































ll ul NSS — angular movement of a radial line of light is produ 
BSS a a oad the screen, depending upon the movement of th 
ADAAMAAAAL : ture. 
VOVVVEV VY YY a abe : ; ; 
[wo other circuits in which magnetic convers | 
b vices of this type can be used are shown in Figs. 3 14 
In Fig. 3 the transformer has two primaries, 
—_> > . . 
SSSI which has about twice as many turns as the other T| | 
E SS Ss two windings are connected series opposing as show: 
i) Tis | : 
wy a 
| | 3 
| 4 } | 1 =|= 
tw She 
f 3 | 
T | SE 
he 
REVERSED 
{ 
circular time base operated directly by the mechanism ( 
inder investigation. ~ ( 
For tests involving small displacements there are some DLAL . 
times available such common devices as telephone re tl Teal 
ceivers, electric phonograph pickups, microphone units, ee (a) 
te., which, with a single-stage of electron-tube amplifi 
cation, can be used for deflection control. 
In some types of electromagnetic devices the output . 
potential depends upon the rate of change of the arma 
ture motion and not on the actual displacement—a factor 
which must be considered in certain tests where perma The alternate changes in the impedances in each primary 
nent changes in the position of particular elements must circuit cause simultaneous changes in the secondary volt 
be recorded, and where static loads must be measured. age applied to the deflection system. In Fig. 4 thi 
Chis condition usually occurs when the potential induced pedance variations cause changes in the phase relat 
in the coils by movements of an associated armature is between potentials applied to the two sets of deflect 
ised for the deflection control. However, the same de plates. As in other circuits the frequency of the applied 
vices can usually be connected So that the deflections oft potential must be much higher than the vibration ir 
the irmature produce changes in the de vec, In this Cast quency. ‘\ 
i fixed frequency must be applied to the circuits which A differential magnetic unit has been described 
ire often of the nature of a bridge circuit or a phase Langer, which is also used in a bridge circuit, and 
shifting network. The applied frequency must be much capable of accurate amplitude calibration. 
higher than the frequency of the vibrations under investi A carbon block or graphite disk pile can be i 
gation. In this case, however, the deflection can be eali the measurement of pressure variations. Resista 
brated in terms of the actual displacement. changes due to compression variations can be used 
Many commercial “‘vibrographs,” “telemeters,” ete., control the deflection directly when deflection coils ar 
utilizing some such principle have been marketed. Fig utilized, or the changes in a voltage drop across the 
2a shows one of the arrangements employed. The arma can be amplified and applied to deflection plates 
ture is either connected to a test prod which is applied to To be cont 
SELECT GAGE BLOCKS to form the desired length and 
wring them together with a set of jaws. Then you’re | 
ready to check—quickly and with precision accuracy. 
y Y ~ y 
of OmtrA nN & &§ ON 7 
\ 
GAGE BLOCKS AND ACCESSORIES 
Manufactured, sold and serviced in the United States and Canada by 
JOHANSSON DIVISION DEARBORN, MICHIGAN 
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Sources of Error in tas Sopa 
| lectrical Measurements 
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instruments 


2. Errors Due to the Method of Measurement 


most common errors in electrical measurement are without doubt thos 
wrong methods or to neglecting disturbing conditions external to thi 
nents. It often happens that errors or discrepancies arising in electrica 


blamed on the equipment used, when the real trouble lies in tl 





n th 
in which the instruments are employed. TI 


eS SOUTCES OF Troy may 


iwhly classified as follows: 


lay Dasa eeamaaaiiiens cs Hee Seon SENSITIVITY 


(b) External conditions 


(c) Stray magnetic or electrostatic fields As rugged as it is, the Riehle Preci- 
(d) Poor contacts in instrument connections sion Hydraulic Testing Machine is 
remarkably sensitive. The pointer of 

a) Errors Due to Power Consumption. the pendulum indicator on our 600,000 
The subject of power consumption in measuring instruments has received Ibs. capacity machine, which has a 
ittention in the May 1934 article with particular reference to the watt dead weight of approximately 40,000 


ind in this regard need be only briefly reviewed here. Where current pounds (table, rods, upper head, etc.) 
s through the windings of an instrument, it is obvious that power must resting on the 18-inch diameter 
nsumed in those circuits. and where there are used simultaneously mot plunger, clearly and suddenly reacts 
ne instrument, such as an ammeter and a voltmeter, or two two circuits to a load of only 50 pounds placed 
ittmeter, it is likely that the reading of one instrument will diffe: 

, 1 1 1/100 of 1% of the ultimate capacity 


on the table. This is approximately 


; 
tual conditions in the circuit under measurement by an amount 
of the machine. 


piininncnetianieey — ————— ae This sensitivity assures immediate 


Voltage 





Crreurt true reading of stresses in any speci- 


men being tested. 
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| Riehle Precision Hydraulic Testing 


Machine. 
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~| ILS DIVISION 


caaseeanaasi = AMERICAN MACHINE AND 
METALS MANUFACTURING CORP 


& 
ding upon the power consumed in one or another of the instrument wind 100 Sixth Ave., New York City 


The power consumption of a well-designed indicating instrument wil 

m exceed 5 watts, but that of a direct-acting recorder may be much e 

r, perhaps as much as 100 watts. Consideration of these magnitudes as East Moline. Illinois 
pared with that of the circuit under measurement will determine the need 


iking allowance for such losses. The method of compensating for this 





4 article) consists in general in providing the instrument with an auxiliary 
ling having the same magnetic axis as the current coil and causing th 
nt flowing in the voltage coil to pass through this winding in a revers 
tion 

\ simple and satisfactory method of eliminating the error due to instrument 


when measuring power consumption on small units is shown in Fig 


Connections are made so that the current flowing in the voltage coils of 
struments in the circuit (e.g., wattmeter and voltmeter) passes throug] D ! V IS i @) N 
vattmeter current coil. Thus the voltage coils are all in parallel with the | 
inder test. An observation is made under tl 





his condition, the switch 1 
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ving the load under test, the voltage adjusted if necessat 
LOWER 1 h the first reading was taken, and the observation repeat 
PRODUCTION COSTS Val in reading of the wattmeter, as represented by the differenc 
ervatiol vill be the value of power consumed by the circuit und 
WITH THE— 
{ )\) ] t! “wa i 
(2) ser. 
that t 
‘1.54 0 t ( 
T } + 
{ : | “7 
1 Ul A 
(3) d 
““AMTHOR” : ge 
Oo tion R d 
peration Recorder aatere | 
Gives daily a charted history of a 
machine's production. Records every ' ; os 
start, stop and slow down, together (b) External Conditions. 
with time and duration. Provides pro I ‘ | t] nal t 
: il Nat « Ss Ss TrOS I I t ul 
duction manager with invaluable in oe j ' , | 
formation for cutting costs and main t it h lects ternal condit is that may Nave an important 
taining highest efficiency ults. Th st noticeable of these are temperature Val 
Ssnal tap udeacs and, some cases, barometric pressure. Any or a 
il II t ul 1 tn ectrl i Nara Stics ol I 
ayree te 
irs. of yu e should theretor taken of any SS 
TACHOMETERS rom t ises, and means provided either to remove them or to mak 
DEAD WEIGHT GAUGE TESTERS rae pet 
MERCURY COLUMN GAUGES mptassia ak 
TENSILE TESTERS FOR PAPER 
CORDAGE, RUBBER, WIRE, Et (c) Stray Fields. 
AMTHOR TESTING A common source f instrument error, and pt rhaps one of th 
1 1] . 1] 
ted t tray magnetic field. Suc ields are everywhere present 
INSTRUMENT CO., Inc. © stray. Su verywhere pres 
if | t? ) my fic ) tes should bh ntinu \ 
315A Johnson St. Brooklyn, N. Y. . ss pativece de ecmdlaees Sraucmmibgmntea: ead seemapes 
ul for them. With different types of instruments the effects of st 
ry vreatly in their nature and magnitude. Some types, 
th Vi ay be responsible for strong fields wh 
1 1 ] 1 j ] 
t tn , not themselves of a disturbing it 
\ t Though the presence of stray fields 1s 
the hast bserver, thir importance as a source of err 
1 1 ] 1 1 
l 1by authoriti ind th inject has been exNaustively C1 
r inves ators 
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their ow! 

field from a dynamo, or nearby permanent magnet, or electro-ma 

TOUUG OTIC! ible and possibly lasting effects on the accuracy. Two 

tru ximity may affect each other’s indications by several 
sure Of eliminating such errors, the instruments, unless spec 

( \I . 1 for operation close together, should be placed from 12 to 
rt. A ough quantitative discussion of the mutual effects of d’. 

struments has been given by Brooks.’ Figs. 46-4 and 46-5 are two 

» do it” photographs for which the authors are grateful to R. W 

ibutes also the following comments 
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ht in then 


The 


tk 


When these 


an instrument, 


, ‘ 
in some of the best laboratories 


seen three in a row (Fig. 46-4) S rowdl 

5 } | 1 
center instrument read about Z percent W al d the ite st ents about 
va | 5) en ene eee a ee en sition F 

w. Other workers will place their d-c. testing instruments vertica (Fig. 46-5) 
ton Model No. 1 this is not so bad but W esting se testi nst t 

1 ] 

worst positio I would also rec nend that be ¢ st 1 d t 

they first be connected with leads 6 8 feet ‘ 
es to see dications are affected 


~- 1 1 7 Y 5] 
ul alternating fields, while not directly affecting the indications of 


nval type instruments, may serve to weaken the magnets, and thus 
at 
1 

tly impair the accuracy 

tri 1 he | ly Y ye th may tro w}] }y t} t ] 
struments of the electroc WMi1c type, the Mdcalons WI1il MN LIT | 

stray fields of the same frequency as the currents in the windin 

t magnets, therefore, only affect the readings when the instrument 


1 


The movements of these 
strié Ly 


+ 


instruments, 
if not shielded, 
madi os 


d on direct current unless asti ne 
ed, are extremely sensitive to 
used without testing for 
Nservations on a constant magnitude, 
degrees apart about the axis of the movement. If a stray field is present 
differ. If the field cannot be eliminated, t 
averaging reversed readin 
must both be 
custon 


shou 


fields and, 


stray fields. A simple test may be 


with the instrument in two p 
ding will 
d out by 
} 
urrent and voltage 
Instruments 1€ 1s \ 
diiron shield, thus shunting stray flux 
1 
with the measuring system 


its linking 


: 
but the strongest fields 


protection against all | 
; 1. ie ae eee ee | 
ic Instrument 1s ase on direct current, it should be made a regular pra 
1 1 l ] 
) average reversed readings in order to eliminate tl pOssIMINty OF ert 
‘esidual me in tl rial of the shield 
residual magnetism in the material of the shielc 
1 

trodynamic instruments of the astatic type, the windings are so dl 
that a stray magnetic field from an external source links with two oy 

ctions of the active winding, in such a manner as to have its effect 
1 neutralized. The Kelvin balance and the Thomson astatic instrument? 

zie 

imples of this type The feature of astaticism in such instruments 
true only when the lines of force of the stray field are substantially 


through the Instrument; so the effect of 


passage 


avy current flowing in a conductor close to the instrument may not 
letely annulled by the opposed arrangement of the coils 
induction type of instrument, aera: in almost completely closed ma 
circuit, is not objecti onably sceptible to stray magnetic fields. Stron 
the same periodicity as the current in the instrument may introduc 


are s uspe cted or known to be present, their effect may b 


ited, as in the electrodynamic type of instrument, by averaging reversed 


icuion Of stray Magnets fields upon instruments of the mMOving-1ron typ 
1 rm™1 
lewhat con iple x. The torque developed in the instrument is a function of 
tal field acting upon the iron, irrespective of frequency, wave-form, et 


therefi re, carrying an 


] - 1 “OT 
alternating current 





have its readings disturbed by fluxes produced by currents of same 

r frequencies, or by permanent magnets. Fields synchronous with th 
aesage under measurement may either increase or decrease the indicati 

e the ral tendency of others is to increase the deflection. The effect 
hronous fie ids may, as 1n the electrodynami he eliminated by tak 
rs d readings, but the only way to avoid the effects of other fields ts t 
| against their presence 

urces Of stray magnetic fields are much mor common than might 
ght. Among them may be mentioned: Permanent magnets, such as ar 
id in d’Arsonval movements, sateationtls damped instruments, meggers 


e 


ur meters, magnetos and telephones; conductors carrying heavy current 


ximity to the instruments 1n use: transformers W1 h Open, Poorly is 


saturated magnetic circuits; dynamo-electric machinery, both 


ind alternating current: circuits in nearby instruments, and magnetized 
Fie 1 

1 1 . ‘ 

lie the statements 1n the roregoing pare LOT. iphs Navy reference to magnet 


nly, it is to be remembered that serious errors may be introduced by ele 

fields. The best-known instance of 
e produced upon the pointer by a static 
instrument by rubbing with intent to remove dust 


1 1 1 
this, OF course, 1s the effect which 
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SENSITIVE 

14 Milliwatts for positive operation. 
ADJUSTABLE 

Pull up—drop out—speed. 
DROP OUT 

From 50 to 85% of pull. 
CONTACTS 

Fine silver—112 amps 110 V. A.C. 
RANGE 

0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES 

1C—-Wide contact separation. 

2¢ Speed .001 seconds. 
RUGGED 


Some customers report 4 years continu- 
ous satisfactory operation. 


Kurman Electric Co., Inc. 


241 Lafayette Street, New York City 








Photo Electric 
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the Lange supersensitive cells 
and are therefore suitable for 
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intensities. 


Among the instruments are— 
UNIVERSAL COLORIMETER 
for use with liquids, powders or 
solids. 
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various types—direct reading 
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PHOTOELECTRIC CELLS of 
highest sensitivity for photo- 


metric or colorimetric work. 
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fully guarded against, particularly in dry climates or in rooms where the a 


heated but not humidified, and where suspected it may be removed by bre 
ing upon or by slightly moistening the glass. Much of the effect of static 

be eliminated by having the enclosure of the moving parts as nearly as pos 
a complete conducting cage. In some instruments having a case of insulat 
material, this is accomplished by covering the inside surfaces with a conduct 
film and electrically connecting this to the metal parts of the movement 
least one manufacturer (General Electric) provides a slightly conducting g 


upon which local accumulations of static are impossible 


In wattmeters having two circuits which may attain widely different 
tentials, or In ammeters directly connected to high-voltage lines, electrost 
forces sometimes make themselves apparent in the shape of errors of indicat 
Quite ipart Trom the danger of damaging instruments so used, and of pers 
hazard to the user, such potential differences are undesirable from the st 
point of accuracy of measurement; and wherever possible all parts of the n 
uring element should be maintained at substantially the same potential 

In the measurement of small-value power at high voltages (as in determi 

lation characteristics, the effects of electrostatic fields are of paramount 


; : ; ; 
portance. Much has been written on this subject alone, both in the forn 
tec] i articles and papers, and in recent textbooks on laboratory and 1 
practices in high-voltage measurements 


(d) Errors due to Poor Contacts. 


Care should always be exercised to see that there are no loose connectio1 
the measuring circuits, no matter how temporary may be the “hook-up.” $ 
ire 1s Imperative where large currents or low voltages are involved. Lo 

ctions carrying large currents will soon manifest themselves by undu 
ing. This should be particularly guarded against where shunts or instru 

irrying the line current are concerned, as the high temperature may | 
ently affect their accuracy. The leads of shunted ammeters should alway 


lly connected in and tightened up, the terminals being kept clear 


tal precautions in the construction and use of shunts and 
ids have been outlined in the article* on Ammeters and Voltmeters. 7 
d with portable instruments should frequently be examined to se 
the individual strands are intact, and when found defective, they should 
nce be repaired. Shunt leads should always be used with the instrument 


which they are adjusted, should be considered part of this instrument, 


1 +4 1 1 = hl 4 

should not be used for any other purpose. The secondary circuits of curt 

transformers should be made up of good wire of low resistance, and party 
ire should h exercised in the connections Test clips sh uld never 


I 

: ' , 1 .3 
in these circuits. As has previously been emphasized? the introduction of 
normal resistance Or OF Open circults into current transformer secondarik 


dangerous not only to th equipment but to the operator 


3. Errors of Observation 


iw from he method of reading an instrument are exceed 
variable, and depend upon two important factors: the construction of the 
strument and the skill and care of the observer. High-grade portable inst: 
ments are provided with a mirror beneath the pointer. Here the reading 
| 


, ' ‘ee 
made Dy Observing with one eye the position Of the pointer at the time that 


either splits the reflection of the observer's eye or hides its own reflectior 


I 
th pointer bh twisted, and repair 1s for any reason not practicable, the 1 
} } > } - 
ings may be made by selecting one convemient point or edge near the ty 


using that in all observations. Mirrorless indicating instruments should be 1 
| | 

with the eve as near as can be estimated on the axial line of the movem 

The effect of scale proportionality on observational errors has been fully treat 
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recent article by Jewell’ from which Figs. 46-6 and 
rmer shows the observational error in percent of the indication caused 
‘rror of 0.005 inch on a 6-inch scale for various scale distributions as a 


on of the pointer deflection measured in inches 
rvational error in percent of the indication caused by an 


are reproduced 


The latter shows the 


error of O.0O05 


yn a 6-inch scale for various scale distributions as a function of the pointer 
-tion measured in volts. Heavy lines show scale regions which are ” ypen”” 


rh 
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Mistakes are sometimes made in the use of instruments having several ranges 


reading the wrong scale or by allotting wrong values to scale divisions 


These 


\ 


d 


n be obviated only by proper care on the part of the user 


In any series of measurements of the one magnitude we find that, owing 


ither to imperfections in the instruments or to personal errors in making ob 


ervations, results will differ slightly from one anothe 


Errors 


of observation 


re as likely to be positive as negative, and, if a sufficient number of readings 


taken, may 
final result. The greater the number of individual observations, the less will 


~ 


in the long run be considered as having little influence 


upon 
1] 


ir mean deviate from the true value. Operating conditions and the degree of 


curacy desired will in each case determine the number of observations to 


made 
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DIRECT READING, 
RUGGED AND 
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Unique construction 
enables operator to 
rapidly determine 
temperature even 
on minute spots, 
fast moving objects, 
or smatiest streams; 
no correction charts 
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PYRO OPTICAL Is 
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new type with three 
separate, direet- 
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Stock Ranges: 

1400° to 5500? BF. 


PYRO RADIATION 
PYROMETER 






































nates 
Always 4 


Write for special bulletins 


THE PYROMETER INSTRUMENT CO. 
103-107 LAFAYETTE ST.. NEW YORK, N. Y 
GRANT BLOG., PITTSBURGH, PA 














Rawson 


Twin Multimeter 
} 





29 ranges in less space than any near 
equivalent combination 
size 12 «8 x6 


RANGE OF MEASUREMENTS 
I) ¢ a 


8 ’ 


’ ts ’ 
List Price $ | 65.00 
The Rawson measuring instruments are the 
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< Place, New York, N. Y 


l45 Controlled Reetifier. Ward Leon- 


1 Eleectrie ¢ (S South St Mount 
I = nnounces a new con 
1 fi Bulletin 8851" provid 
Ward I nard System 
for a d motor from an a-<¢ 
supply This system of control 
iV gradual leration of 
! ( red speed wit! 
Ss] 1 1intained constant 
} ns permis ble 
is 


16 Oil Circuit Breakers, Catalog 6, 





ns 2 and 4: Section 2 vers al 
mon t ll hand-operated 
s s } S plates ttach- 
la s and dimensions 
f is dey 1 to small b kers 
2 ! Pp 4 ipacity t 
KVA I ller-Sn t ( « 
1 New York, N. Y¥ 
17 Rheostats, Bulletin 1450 gives 
feations an p s for Jagabi 


ts. James J. Biddle Co. 1211 
St.. Philadelphia, Pa 


{S'S Combustion Recorders, Cata- 
RA-246 covers the complete line 
smbustion meters manufactured by 
Hays Corp., Michigan City, Ind. It 
ta ee lete description of the 


iments and engineering data on 


‘9 Recording Thermometers. Bul- 
198. An attractive 48-page bulletin 
iors devoted to thermometers for 
ndustrial use The various tvpes 


1 
trated and a numb f net 
Ss are shown. Data ! he t? 
ind Anti-Amb i neluded 
OUS ( ssories, suc is bulbs 
ts, bushings. ff S ire als 
Mass 


D150 Thwing'’s Paper Tester. The fi) 


issue of this new house organ, w ‘ 
Will be published every two months b 
t} Thwing-Albert Instrun t Cc F294 
Lancaster Ay 1’) delph Pa., d 
vith he < 2 t} basis W 2} 
pa} it ad hat sub len 
su will d with iditior 

nt t th. manuf 5 } 
users of | ind paper } 1 3 
irticl = I Wi by ind 2 

it} Y ? he pal i 

D15L Temperature Control. 13 
443 itt ctivelv printed d ; 
folds is t Mod 10M 
( ding me ind 2 
Val ding tem] 11 
I I ] ¢ W rl ( ! 

1152 Instruments from the Executive 
Viewpoint, This 24-page booklet illus 
trates and briefly describes the 
instrun ts nd control play 
modern ind 7 Bre n Inst 
ment 4 $452 \\V I AN }’} 
delp} Pa 

D153 Taylor Rochester. Th Fa 
Winter 1935 issue of this } Is¢ 2 
contains a ger nber of article 
h ipp t ? rf st I ! t 

ery la ‘ Inst? t t | my 
I t New Y¥ k, N. ¥ 


D154 Instruments for Measurement 
and Control, as ecatal illu 


— LOe Ut 





trates he e line of inst n 

(slid ‘ } ystats p VA 
Ivanom I ivs, photoelect ‘ 
1ototube s and contr ipy atu 


I 
ture N +-M Labor 
Belmont Ave., Chicago, Il] 


the ( 


D155 Optieal and Mechanical Pre- 





cision Instruments. <A 2-pae 
printed in 2 colors n Englis} 
trates ind } cribes the 

mechar } sion Ss ner 
ifactu i | O ir G 29, \ 


Eginardo, Milano, Itals 


D156 Surface and Needle Pyrometer. 
Bulletin 60-A illustrates the var 
types of new surface and needle pyron 
193-107 Lafavette St., Ne 


w York, N. ¥ 


D157 tnit Regulator, 


Askar Unit Re 
Askan Jet I 


S. M 


S Micromax Speed Recorders 


59 Water Flow Alarm Service. 
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T bie Tinad what you require in ft e on 

INSTRUMEN write Information Section, Instrument Publ 
Give complete nformation of requirements. 

Note: This MONTHLY guide lists the prceducts of our advertisers; the ANNUAL Instru- 


ments Index sent to subscribers lists the products of more than 800 manufacturers. 
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AC CELEROMETERS 


Ain METERS 
Meter ¢ 

a M { 

B 1 ¢ 

Brown Ir nt ¢ 
Fox 

I & S I 
P ‘ 

Taylor Inst 
ALTIMETERS 

F z & Sor 

Ger I ‘ 
Pior ir , 


Tay 
ALTITUDE 


BAROMETER 


CARBON DIOXIDE 
METERS 


‘ 
CATHETOMETERS 
(; 
CENTER POINTS 
I M 


CHRONOGRAPHS AND 
CHRONOMETERS 


CLINOMETERS 


C Loc KS—Gage Board 
M 


Br ‘ R 
F & Sor Ir R ‘ 
Pay inst a Brown Instr nt ¢ 
AMMETERS—lIndicating For We 
2 . . ' Pione Ir nt Co 
Rawsor ‘ COILS 
K “ . Resistance, Inductance, 
Westit i & MA ss 
W , I . Ger 1 Radio ¢ 
ony leeds & N 
= : rk s ( 
; ~ Ss Mfg 
a Bae \ I 11 Co 
W E& MA M r K.& M.¢ 
ANEMOMETERS COIL TESTING EQUIP- 
| ( ENTS 
I &Ss (; I ( 
I ‘ Kx I ( 
ARCRONOGRAPHS I & N ! ( 
( t s ‘ 
ASPHALT TESTING It ( 
APPARATUS W I. & M.¢ 
. ( COLORIMETERS 
I 1 ( It & Lor 0 Co 
ASTRONOMICAL G ner Scientific Corp 
INSTRUMENTS G 1 ( 
! & I Opt. ¢ COMBUSTION CONTROLS 
G r Ss ! ( —See Controls 


BALANCES 
RK s 


BALANCING 
G " 


BAROMETERS 
R ‘ 


MACHINES 


. Inst ‘ 
BATTERY TESTERS 


OMMUNICATION 
MEASURING 
INSTRUMENTS 


W ngt & M.t 


. ( ae ARATORS 
W nel i. & Mot ‘ 
WW , , Cor a ertr Scientific Cory 
BELLOWS sveneral 3 
Clifford Mfg. ¢ COMPASSES 
BIMETAL ELEMENTS ater wna hen je 
WM. ¢ ( . Nst at S 
BOARDS: INSTRUMENT CONDENSERS—Electrical 
4 » ¢ ter 1 bel T { 
hg y G ral Radio ¢ 
: s. , Leeds & Northrup ¢ 
‘ I { 
, y W ting? ¢ & M.¢ 
; Sap CONDUCTIVITY METERS 
, ‘ Indicating Recording, 
; ‘ Controlling 
, Sigs — I & Nort! ( 
Westir Eo& MA I Inst. ¢ 
BOILER METERS S : 
A > R n 
; MN ‘ . S Mfg. Co 
R ’ CONTOUR MEASURING 
"ace PROJECTOR 
Fox ‘ Is & I 0 Co 
BRAKETESTING METERS ©! = 
; CONTROLS, AUTOMATIC 
Rewson } Ir ‘ " Conditioning 
BRIDGES. ELECTRICAL A o cea 
Capacity, Inductance, Kelvin si 
Resistance, Temperature, . Velocity . 
Wheatstone. Percent vers R sie 
R ‘ Bur ner 
| yl Ir n it =? 
G , ‘ Combustion 
Ger R ( “y : 
, & N ‘ vy Mi ‘ 
I s ( ; 
R n( sls 
a Mifo ( Fox ( 
“ : I & N ( 
~ 1’ 1 Ir (¢ 
CAB E TESTERS Condensation 
K . ( \ ( 
Leeds & N ; : 
et at 
CALORIMETERS 1 gh ( 
: s / b- an Dampe 
CALIPERS. DIAL “ Maerts, 
r ! ‘ <n 
CAMERAS—HIGH ~tochurag nt ( 
SPEED Fox ‘ 
Ger Radio ¢ ! & Sons, I 
CAPACITANCE METERS GMI I 
Ger 1} ( T s 
G Radio ¢ I & N t ( 
Leeds & N ( RK ( 
R r-S ( I Ir nt Cos 
R u Ir nt ( 
Tr } I ( Dial 
We i I Cory \ a ric Co 


INST RI 
e 150— Vol 


ME 


NTS 


Feed Water 


\ RK ( 

I Met ( 

| ‘ 

I wn Ir ment Co 
Fox ( 

Flow 

\ in Meter Cc 

I y Meter Co 

Ik ( 

Brown Instrument Co 
( hrane Corp. 

Fox ( 
Taylor Instrument Cos 

Humidity 

Isr ( 

Brown Ir nent Co 
Foxboro ¢ 

I z & Sons, Inc 
Johnson Service Co 

I 4 Regulator Co. 
I Ir iment Cos 


Humidity & Temperature 





I vn Instr ent Co. 
Pox ( 
Friez & Sons, In 
n Service Co 
Pow Reg r ¢ 
T Instr ent Co 
Humidity—Time 
I & S In 
Lighting 
Ger 1! ( 
GMI It 
Ww ng E.& M.¢ 
W ni Inst. Cory 
Liquid Lever 
Amer I er ( 
Ast R ( 
B y Meter ¢ 
Ihr ( 
Brow Ir ent Co 
{ l ne ¢ r 
Fox ( 
i" & Sor Ir 
General I ( 
GMI I 
Leeds & N up Co 
l 4 R ‘ 
r Instrument Cos 
Moisture-content 
\ K ( 
I’ R r ¢ 
Pressure & Vacuum 
Amer in Meter ¢ 
\ I R ( 
iB Meter ¢ 
] ( 
Brown Instrument C 
{ I { ry 
Continental Elec. Co 
Fox ( 
I Regulator ¢ 
Pay Inst nt ¢ 
Pyrometer 
, le ( 
l 1 ¢ 
Brown It nt ( 
Fox ( 
Lee &N } Co 
Taylor Instr Cos 
Rate- Volume 
\ nM ( 
\ R ( 
( hrane Cor 
Fox ( 
Refrigeration 
B ( 
B vn Instrument Co 
Fox ro Co 
Fr & Sons, Inc 
Johnson Service ¢ 
Pow Regulator ¢ 
aylor Instrument Cos 
Specific Gravity 
\ I Reg ( 
Bailey Meter ¢ 
Fox ( 
Tachometer 
B M oC 
I ( 
I wn Ir nt Co 
1 r 








Sailey Meter ¢ 
Bristol C 
I wn In ent ( 
‘ h ne Cor 
Fox » ¢ 
I &S Ir 
G-MI I 
Leeds & N Co 
I vers Reg r 
T rir ent Cos 
Te waperature-Time 
B y \ er ¢ 
Bristol ¢ 
Brown Ir nt ¢ 
Fox ( 
L & Sor I 
n Serv r 
& Nor Co 
Regu ( 
I y Ir tr r nh ¢ 
Time 
Br ( 


Brown Instrument (¢ 

Foxboro ¢ 

I & Sor Ir 

Get 1 le Co 
I n Service Co 








Pow Regulator Co 

Taylor Instrument Cos 

Ward Leonard Elec. Co. 
Vacuum 

\ ! R ( 

B yM rco 

B ( 

B I iment Co. 

( e Cor 

Continental Elec. Co 

Foxt » Co 

Powers Regul r Co 

ray! Instrument Cos. 


Me 


ter Co 


wn Ins trument C¢ 
see —* & Ne rthrup Co. 
p wers Regulat r Co 
Tay! r Instrument Cos. 

Voltage A. C. 
Ward Leonard Elec. Co. 

COUNTERS—Magnetic 
Ward Leonard Elec. Co. 

Revolution 
Bristol Co 
Brown Instrument Co. 

Stroke 
Bristol ¢ 

Ss roe" SOrveEs 
Ar ican \ 

CURRENT RECORDERS 
tristol Co 
Ge neral Electric Co 
Leeds & Northrup Co. 
Roller-Smith Co 

CYCLE COUNTHOLLERS 
Bristol 


Foxboro Co 

Taylor Instrument Cos, 
CYCLE COUNTERS 

Gen 1 Radio Co 

Westinghouse E.& M.Co. 


sdb RECORDERS 
General Electric Co 

CYLINDER GAGES 
. Product 


Regulator Co 
DEMAND METERS 
Gas 

Foxboro Co 
Electric: Indicating, Re- 
cording, Printing 

General Electric Co 

Westinghouse E.& M.Co. 
DEPTH GAGES 


I Corp 
= INDICATORS 
‘ il cts Corp 
DIVIDING ‘MACHINES 
ntific Corp 


DRAFT GAGES—See Gages 
DYNAMOMETERS 


Ger il Electric Co 

K n Electric ¢ 

tawson Elec. Inst. Co 

Leeds & Northrup Co 

Weston Elec. Inst. Corp 
EARTH CURRENT 

METERS 

Kurman Electric Co 

Leeds & N rthrup Co 

tawson Elec a Co 

Roller-Smitt 


ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 

parva ged phd 


Genera 
Genera z id Co 
Kx I Co 
Leeds & Northrup Co 
Rawson Elec. Inst. Co 
Westinghouse E.& M.Co 
We n Elee. Inst. Corp 
EXTENSOMETERS 
ithwark ¢ rp 
r Div Am. Mach 
a peck FINDERS 
eed & Northrup Co. 
i ler-Sn th Co. 
Rubicon Co 
Shallcross Mfg. Co 
Westinghouse E.& M.Co 


FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos 
FLOW METERS 
Indicating 





Bailey Meter Co 
Brist 


1Co 
Cochrane Corp. 
Brown Instrument Co 
Foxbor ) 
Tayli r Instrument Cos 


FLUE GAS ANALYZERS 


Brown Instrument Co 


4 xboro ¢ 
ds thrup Co. 
FLUXMETERS 
man |} cf 
eed & No hrup Co 
Rawson Elec. Inst. Co 
Rubicon C 
ror CANDLE 
METERS 
General Electric Co 
G-MI Ir 
West inghouse E & M.Co. 
Weston Elec. Inst. Corp. 


FREQUENCY METERS 
Indicating 

Bristol Co 

General 





tric Co 





Leeds & Northrup Co. 

Roller-Smith Co 

Westinghouse E.& M.Co. 

Weston Elec. Inst. Corp. 
Recording 

Bristol Co 

General Electric Co 

Leeds & Northrup Co. 


Westinghouse 
Standards 
General Radio Co 
Leeds & Northrup Co. 
th hd GLASS 
sh-Schurman Corp 


FURNAC E men ve 


E.& M.Co. 














Ask un i Regul 
Sailey Meter Co 
Br 1Co 
Foxboro Co 
Friez & Sons, Inc 
Leeds & Northrup Co 
Taylor Instrument Cos. 
GAGES 
Absolute Pressure 
American Meter Co 
Bailey Meter Co 
B 1 Co. 
Brown Instrument Co. 
Continental Elec. Co. 
Foxboro Co 
Friez & Sons, Inc 
Taylor Instrument Cos. 
Caliper 
Federal Products Corp 
Cylinder 
leral Products Corp 
Depth 
leral Products Corp. 
Dial Indicator 
Federal Products Corp. 
Differential Pressure 
me an Meter Co 
I yM rc 
Bristol Co 
Brown Instrument Co. 
Foxboro Cc 
Pioneer Instrument Co 
Tayl Instru 
Draft 
Bailey Meter Co 
Br ol Co 
Brown Instrt nt Co 
Foxboro Co 
Kr & Sons, Inc 
Drill 
Ba h & Lon Opt. Co 
Electric 
General Electric Co 
Flow 
merican Meter Co 
Bailey Meter Co 
Br ( 
Brown It nt Co 
Cochrane Cor 
Fox ( 
Friez & Sons, Inc 
raylor Instrument Cos 
Grinding 
Federal Products Corp 
Liquid Level 
American Meter Co 
Bailey Meter ¢ 
Bristol ¢ 
Brown In iment Co 
Cochrane Cory 
xb ot 
Friez & S one, Inc 
Leeds & N up Co 
Pioneer Instrument Co 
Taylor Instrument Cos. 


Paper Thickness—Con- 
tinuous 





Pressure & Vacuum 
Bailey Meter C 
Bristol Co 
Brown Instrumer 
Cochrane Corp 
Foxboro Co 
Friez & Sons, Ir 
Taylor Instrumer 

Rain 
Friez & Sons, ly 
Taylor Instrumer 

Recording—Dista 
American Meter 
Bailey Meter Co 
Bristol Co 
Brown Instrumen 
Cochrane Corp, 
Foxboro Co 
Friez & Sons, In 
Leeds & Northru 
Pioneer Instrum¢ 


Taylor Instrument 8 
Strain 

saldwin-Southwa rD 

General] Eleetric ( 
Vacuum 


Continental Elec 
Bristol Co. 
Brown Instrument 
Foxboro Co 
Friez & Sons, In 
yeneral Electric ¢ 
Taylor Instrument 
Volume 
American Meter ¢ 
srown Instrument ( 
Foxboro Co 





Brown Instrument ¢ 

Friez & Sons, In 

Taylor Instrument Cos 
Wire 

Federal Products C 
GAGE BLOCKS 

Ford Motor Co 
GALVANOMETERS 

American Meter (¢ 

Brown Instrument ¢ 

General Elec 


tric ¢ 





c Ni rthrup ( 
Rawson Elec. Inst 
Roller-Smith Co 
Rubicon Corp 
Taylor Instrument (Cos 
Triplett Elec. Ir 
Westinghouse E 
Weston Elec 

Mirrors 
Fish-Schurman Corp 

GAS i olla 

METERS 

— 

con Co 

Electrical 
Brown Instrument ¢ 
Leeds & Northrur 

GAS FLOW anit ATORS 
American Meter 
sailey Meter Ci 
‘oxboro Co 

GAS LEAK INDICATORS 
Pioneer Instrum I 
Taylor Instrument ¢ 

GAS-METERS 
American Meter ¢ 
Bailey Meter Co 
Brown Instrument ¢ 
Foxboro Co 


& M.{ 
Inst. Corp 





Dry Test 
Ame in Meter ¢ 
Foxb Co 
Wet Test 
American Meter ¢ 
Foxb » ( 
GLASS STRAIN 
TESTERS 


Gaertner Scientific ¢ 


GOVERNORS 


Pressure 
American Meter ¢ 
failey Meter Co 


sristol Co 
Brown Instr 
Foxboro Co 
Taylor Instrument ¢ 
Pump 
sailey Me 
Saylor Instru 
GRAVITOMETERS 
American Meter ¢ 
GROUND DETECTORS 
Roller-Smith Co 


Weston Elec. Inst 


ument ( 


ter Cr 


ment ¢ 








Bailey Meter Co Federal Prod s Corp. 
Br 1 Co Precision Measuring HARDNESS TESTERS 
Brown Instrument Co Federal Products Corp. Baldw ' Ss uthwar! 
Cochrane Cory assur Riehle Div. Ar \ 
Foxboro Co ee HIGH FREQUENCY 
Friez & Sons, Inc APPARATUS 
: yneer In: strument Co. General Radio ‘ 
‘aylor Ins ent Cos Kurman Electric ¢ 
Indicating & Pome ording Rawson Elec. Inst 
merican Meter Co Roller-Smith Co 
a y Meter Co ) riplett Elec. Inst 
Bristol C & Sons, Inc Westinghouse E.& 
Brown I nent Co Taylo r Instrument Cos. Weston Elec. Inst 
Cochrane Cory Pressure- Temperature HIGH VOLTAGE 
Fox ( Bailey Meter ( indicators 
ric Bristol Co Roller-Smith Co 
Pior Brown Instrument Co. Shallcross Mfg. ¢ 
T Cochrane Corp Triplett Elec. Ir 
Integrating & “Recording Foxboro ( Westinghouse E.& } . 
feter Cc Taylor Instrument Cos. Weston Elec. Inst VoLu 
Littelf for INSTRUMENTS, Auto, R | : 
\ f H Volt Fuses. Mountir | | i 
Poter | nd In Write for ( | j 


FUSE 
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4250 Lincoln Ave. 
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